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the authors and the society.

Maximization of the value of the readers can be comprehended in two ways. First, the journal
publishes articles that can be directly read or downloaded free of charge at any time, which attracts
more readers. Second, the readers can apply the knowledge in clinical practice without delay after
reading and understanding the information in their fields. In addition, the readers are encouraged
to propose new ideas based on those of the authors, or to provide viewpoints that are different
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definitely boost advancements and developments in the fields. Maximization of the value of
the authors refers to the fact that these journals provide a platform that promotes the speed of
propagation and communication to a maximum extent. This is also what the authors really need.
Maximization of the value of the society refers to the maximal extent of the social influences and
impacts produced by the high quality original articles published in the journal. This is also the main
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Abstract

Over the past few years, evidence has accumulated
indicating that apart from genetic alterations, epigenetic
alterations, through e.g. aberrant promoter methylation,
play a major role in the initiation and progression
of colorectal cancer (CRC). Even in the hereditary
colon cancer syndromes, in which the susceptibility
is inherited dominantly, cancer develops only as the
result of the progressive accumulation of genetic and
epigenetic alterations. Diet can both prevent and
induce colon carcinogenesis, for instance, through
epigenetic changes, which regulate the homeostasis
of the intestinal mucosa. Food-derived compounds
are constantly present in the intestine and may shift
cellular balance toward harmful outcomes, such as
increased susceptibility to mutations. There is strong
evidence that a major component of cancer risk may
involve epigenetic changes in normal cells that increase
the probability of cancer after genetic mutation. The
recognition of epigenetic changes as a driving force
in colorectal neoplasia would open new areas of
research in disease epidemiology, risk assessment, and
treatment, especially in mutation carriers who already
have an inherited predisposition to cancer.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The incidence of colorectal cancer (CRC) varies up
to 25-fold between countries. Highest rates are found
in Westernized societies, such as the USA, Australia
and New Zealand and lowest rates are found in Africa
and India. Evidence that causes of CRC are largely
environmental comes from studies where people who
migrate from low- to high-risk areas of the world reach
the incidence of cancer in a high-risk country even over
one or two generations. In these migration studies the
main characteristic has been a change from a prudent
diet to a Westernized diet with higher intake of energy
dense foods and lowered physical activity.

It has been speculated that epigenetic changes in the
genome might explain these ecological findings. Epi-
genetics are related to the inheritance of information
based on gene expression levels, as opposed to genetics,
which refers to information transmitted on the basis of
gene sequence. In recent years, evidence has accumulat-
ed indicating that apart from genetic changes, epigenetic
alterations play a major role in the initiation and progres-
sion of CRC™.

Different environmental conditions may confer
different activity to the same genes. Epigenetic processes
are essential in normal development and differentiation
but may sometimes be misdirected and predispose to
cancer. Epigenetic events, such as altered methylation
patterns (hypermethylation and hypomethylation), post-
translational modifications of histones, and chromatin
remodeling, can lead to inactivation of tumor suppressor
genes, activation of oncogenes, or altered imprinting
patterns. The best-known epigenetic marker is DNA
methylation, described to occur in complex chromatin
networks and is influenced by the modifications in
histone structure that are commonly disrupted in cancer
cellsP¥. Diet is a major aspect of the environment which
may influence DNA methylation thus providing an
important common link between cancer and nutrition®.
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COLORECTAL CANCER

CRC is the second most common cause of cancet-
related deaths in the Western wotld although a wotlwide
population-based study has shown that 5-year relative
survival for CRC seems to be generally higher in high-
income countries!®. Approximately 50% of the popula-
tion in Western countries will develop adenomatous
lesions of the colon, but only a minor proportion will
develop cancet!. CRCs are mainly sporadic, and inhet-
ited factors have been estimated to be of importance in
about 30% of all CRCs®. While many inherited predis-
posing factors are still unidentified, 13% of CRCs have
been reported to occur in association with the two most
common inherited colon cancer-predisposition syn-
dromes, i.e. hereditary non-polyposis colorectal cancer
(HNPCC) and familial adenomatous polyposis (FAP),
which are caused by germline mutations in DNA mis-
match repair (MMR) genes and the adenomatous polyp-
osis coli (APC) tumor suppressor gene, respectively!”.
Susceptibility to HNPCC and FAP is inherited in an
autosomal dominant mannet. At the cellular level, these
genes act recessively, i.e. inactivation of the wild-type
allele (loss-of-function) is required for an altered cell
phenotypel. The lifetime tisk of cancer for individuals
carrying an inherited germline mutation in a MMR gene
or APC is high, but cancer develops only as the result
of the progressive accumulation of somatic genetic and
epigenetic alterations in several other genes involved in
vatious cellular pathways.

MAJOR PATHWAYS OF COLORECTAL

CARCINOGENESIS

Analyses of tumors associated with FAP and HNPCC
have helped to understand many details of the
molecular pathogenesis of CRC in generall. The
development of CRC is a multi-step process beginning
with the transformation of normal colonic epithelium,
first to benign adenomatous polyps and eventually
to invasive carcinoma, and finally metastasis!'?.
Mutational inactivation of APC plays a rate-limiting
role in about 70% of sporadic CRCs". Epigenetic
silencing of APC through promoter hypermethylation
has also been reported in a number of sporadic
colorectal adenomas and carcinomas!. The principal
tumor promoting character of inactivated APC is the
insufficient degradation of P-catenin, a key mediator
of the Wnt signaling pathway. Consequently, more
B-catenin enters the nucleus and overactivates Wnt
signaling, resulting in transcriptional activation of Wnt/
TCF4 (T-cell factor 4) target genes (e.g. ¢-zzyc and c¢yclin
D7), initiating transformation of intestinal epithelial
cells!™'®, Physiologically, the Wnt pathway is essential
for the maintenance of intestinal crypt progenitor
compartments!'’l. Tumors associated with APC
mutations are characterized by chromosomal instability
(CIN)I,

Another pathway of carcinogenesis involves the

cellular DNA MMR system. Cells defective in MMR
are characterized by microsatellite instability (MSI)
phenotype. MMR deficiency tesults in activation of the
mutator pathway which creates accumulating frameshift
mutations in many growth-regulatory genes with coding
microsatellites, thus promoting genome-wide genetic
instability!"®. Many of these affected genes are general
tumor suppressor genes, as well as genes that function
in DNA mismatch repair, Wnt signaling, and apoptotic
pathways. MMR deficiency thus promotes the activation
of many pathways, which lead to the expression of
genes that favor cell growth!"". Compatred to CIN, MSI is
a feature of a smaller subset of cancers; it is a hallmark
for HNPCC tumors and is reported in approximately
15%-25% of all CRCs and 10%-20% of all endometrial
and gastric cancers”'”. In HNPCC, most tumorts are
due to germline mutations in the MMR genes MLLHT,
MSH?2, and MSH6 (http://www.insight-group.org/).
However, most sporadic MSI tumors are associated with
epigenetic silencing (hypermethylation) of the MLH7
promoter*?!,

EPIGENETICS IN COLON CANCER

Epigenetics is defined as heritable changes in gene
expression that are not due to any alteration in the DNA
sequence™. It has been proposed that hetitable changes
in gene activity due to DNA modification should be
referred to as epimutations to distinguish them from
classical gene mutations. As DNA methylation is
known to be essential for the normal control of gene
activity during development, defects in methylation
may have severe phenotypic consequences. Recently,
considerable attention has been focused on the role of
CpG islands (CGI) hypermethylation in the molecular
pathogenesis of CRC. These islands are usually not
methylated in normal cells®?!. The finding of aberrant
MILHT7 promoter hypermethylation in sporadic MSI
CRCs dramatically illustrated the role of epigenetic
changes as potential pathogenetic alterations in cancer.
Furthermore, in cell lines, reversion of the methylation
using demethylating agents frequently restores expression
of MLLH7, demonstrating that methylation in fact
induces gene silencing. These data strongly suggested
that such aberrant MIL.H7 promoter methylation is a
cause of colon carcinogenesis™. The role of aberrant
CGI hypermethylation in colon catcinogenesis was later
demonstrated in animal studies, where overexpression of
de novo DNA methyltransferase DNMT3b accelerated
tumor formation™! whereas chronic administration
of an oral inhibitor of DNA methylation dramatically
reduced tumor formation in the mucosa®.

To date, several hypermethylated genes are associated
with colorectal neoplasia, including tumor suppressor,
DNA repair, and cell cycle regulatory genes (e.g. APC,
CDHT13, CHFR, MLLH1, BRCAT1, p14, p16, RARB2,
SFRP1, WRN, RASSF1A, MGMT, and TIMP3)*".
These genes are being explored as biomarkers in clinical
use for preventive and therapeutic interventions. Of
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Figure 1 Folate, in the form of methyltetrahydrofolate (methyl-THF), is involved in remethylation of homocysteine to methionine, which is a precursor of
SAM, the primary methyl group donor for most biological methylation reactions, also in DNA®™., Folate deficiency may thus enhance CRC through an induction
of genomic DNA hypomethylation. Expression of several enzymes (GHMT, MTHFR, BHMT, MAT, SAHH, CBS) involved in methyl metabolism can be regulated by diet
such as availability of nutrients including essential amino acids, vitamins B2, B6 and B12, and Zinc (Zn).

these, promoter hypermethylation of p76™! MGMT,
and MLH7 have been suggested to be useful markers
for risk assessment and hypermethylation of .APC in the
detection of colorectal carcinoma™ . Hypermethylation
of MLHT may also serve as a second “hit” inactivating
the wild type copy of the gene in HNPCC-associated

[29]

tumorigenesis

Hypermethylation occurs at different cancer stages
and can be associated with either of the two major
pathways of colorectal carcinogenesis. For a panel of
genes, the expression profiles measured in histologically
normal mucosa have been reported to differ significantly
between patients with and without colorectal cancers?.
Moreover, different epigenetic phenotypes have been
found to distinguish the colonic mucosa in individuals
who develop sporadic MSI-positive and MSI-negative
colorectal tumorsP!. These methylation phenotypes may
underlie different developmental pathways that occur in
these tumors. Recently, inactivation of tumor suppressor
genes by promoter methylation was further shown to
follow patterns characteristic of tumor type (CRC versus
endometrial carcinomas) and family category (familial
CRC versus sporadic) and was strongly influenced by
MI_HT1 promoter methylation status in all categories®.
A phenomenon called CpG island methylator phenotype
(CIMP) has been described in a subgroup of colorectal
adenomas and carcinomasP**. In CIMP tumors,
multiple tumor suppressor genes are inactivated by
promoter hypermethylation™!, and CIMP has been
suggested to provide an alternative pathway to promote
colon cancer resembling in many features MSI tumors,
although they are microsatellite stable**".

DIET AND COLON CANCER

Colorectal cancer is a disease associated with increasing
age and there is strong evidence that the risk of CRC can

be modified by lifestyle and environmental factorsP**.

It has been demonstrated that diet may account for or
prevent as much as 80% of CRC incidence. Diet may
affect gut mucosa cither directly from the luminal side
or indirectly through whole-body metabolism. Food-
derived compounds that are constantly present in the
intestine, or the blood content of nutrients, hormones
and growth factors, may shift cellular balance toward
harmful outcomes, such as increased susceptibility for
genetic and epigenetic changes in a genome.

There is a strong assumption that diet, especially
Western-type diet, contributes to the development of
CRC. In 2007, the World Cancer Research Fund and the
American Institute for Cancer Research published their
2nd comprehensive review entitled ‘Food, Nutrition,
Physical Activity and the Prevention of Cancer; a
Global Perspective’ (http://www.dietandcancerreport.
org) supporting this belief. Based on mainly prospective
cohort studies it was concluded that there is convincing
evidence that red and processed meat, substantial
consumption of alcoholic drinks, body fat and
abdominal fatness, and the factors that lead to greater
adult attained height or its consequences are causes of
CRC. In addition, foods containing dietary fiber, gatlic,
milk and calcium probably protect against this cancer.
Moreover, non-starchy vegetables, fruits, fish, foods
containing folate, vitamin D, or selenium may protect
against CRC, and foods containing animal fats or sugar
may cause CRC. In a recent study, CRC re-occurrence
was also shown to be significantly higher in subjects
consuming the most Westernized diet compared to diets
with more fiber and less fat and sugar!*!l.

The complex interactions of dietary components
with each other and with metabolism make it difficult
for epidemiological methods to specifically identify
the components which might induce or prevent CRC
(Figure 1). Murine models such as Min/+ mice, which
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is the best-characterized mouse colonic neoplasia
model and analogous to the human FAP syndromel*
have provided a valuable tool, allowing thorough
dissection of the effects of specifically controlled diets.
A comprehensive list of compounds that have been
tested for CRC promotion or prevention in this animal
model can be found on Cotpets website at http://
www.inra.fr/reseau-nacre/sci-memb/corpet/Data/
table.phprfile=Min-mice.txt. Min (multiple intestinal
neoplasia) is an autosomal dominant trait involving
a nonsense mutation in codon 850 of the murine
APC gene. As in humans, the mutation predisposes
to intestinal tumorigenesis. In both Min/+ mice and
healthy rats, different types of diet have been shown to
cause considerable changes in intestinal cell signalling
pathways (PKC, NF-kB, B-catenin and COX-2, cyclin
D1, E-cadherin, and p53) both in tumor tissue and also
in the surrounding mucosa!®*l. In particular, red meat!*’
and a Western-type diet with low levels of calcium and
cholecalciferol and high levels of n-6 polyunsaturated
fatty acidsi*®*! were shown to have unfavorable effects
on tumor formation. These results ate in line with the
epidemiological evidence on the effect of red meat
on CRC. Inadequate dietary folate has been shown
to impair DNA excision repair in the rat colon in the
absence of any chemical carcinogen, and increased folate
supplementation inhibited intestinal polyp formation in
Min/+ miceP™"l. Moteover, wild-type mice have been
shown to develop colon adenomas and an early invasive
carcinoma in long-term diet experiments with a Western-
type diet containing reduced calcium, vitamin D, folic
acid and increased fat content, but without carcinogen
exposurel.

Experimental work has indeed shown that due to
the heterozygous nature of fiber or fiber-rich foods, it
is very difficult to draw firm conclusions on the effects
of fiber on CRC. It is evident that different fiber types
(soluble s insoluble) and sources (grain, vegetables and
fruits) may act in totally opposite ways in CRCF. In
addition, fibers and fatty acids in the diet interact with
each other and affect outcomeP". The same is probably
true with fiber and red meat, since odds ratios for CRC
were substantially reduced in subjects who had a high
level of red meat in their diet but who also consumed
high levels of fiber when compared to subjects with
low fiber intake!. Phenolic compounds from fruits and
berriesP*" curcumin from tumeric®*, epicallocatechin
from green tea™, and n-3 fatty acids from fish®"! have
been widely studied as possible chemopreventive agents
and have been shown to regulate different cell signaling
pathwaysl®. Moreover, the effect of polyphenols on
DNA methylation is under active investigation>®!.

DIET AND EPIGENETICS

The elucidation of the effects of diets on epigenetic
changes in the intestinal mucosa is of great importance,
as aberrantly methylated genes may have the potential
to be eatly-detection and prognostic markers for colon
cancer. Unlike genetic changes in cancer, epigenetic

changes, such as alterations in methylation, are
potentially reversible and, therefore, provide promising
targets for preventive and therapeutic interventions. Diet
is a major aspect of the environment that may influence
DNA methylation, and studies on the role of specific
foods, diet-derived compounds and different types of
dietary patterns on cellular mechanisms and epigenetics
in CRC are increasing. Especially interesting are
nutrients, which are needed for nucleic acid and DNA
synthesis and for the enzymes regulating their syntheses,
e.g. essential amino acids, zinc, folate, and vitamins
B-6 and B-121! (Figure 1). The most studied nutrient
in this area is folate, and the portfolio of evidence
from animal, human, and zx vitro studies suggest that
the effects of folate deficiency and supplementation
on DNA methylation are gene- and site-specific, and
appear to depend on cell type, target organ, stage of
transformation, and the degree and duration of folate
depletion®.

As in the classical experiment of agouti mice, in
which maternal diet, high in folates, choline and vitamin
B-12 shifted the coat color of the offspring®®!, diet may
also induce epimutations detectable in the phenotype
later in life in humans. Monozygotic twins have been
shown to be epigenetically indistinguishable during
the early years of life, while older monozygotic twins
exhibited remarkable differences in their overall content
and genomic distribution of 5-methylcytosine DNA
and histone acetylation™. Using the obesity-discordant
monozygotic twins, Pietildinen e /" have shown several
changes in the transcription profiles of adipose tissue
between the twins. The results showed the effects of
acquired human obesity, which is independent of genetic
factors, but may be related to epigenetic modulation of
the genome.

A new and fascinating area in “diet and cancer”
studies is the so called “fetal programming”. In 1989,
Barker ¢t a/’” reported on an inverse relationship
between birth weight and later glucose intolerance,
hypertension, and hypetlipidemia and finally ischemic
heart disease mortality in men born in England in the early
1900’s. The hypothesis behind this relationship was that
genes were epigenetically programmed in a way which
favored energy storage in an energy poor environment
and thus, later in an ‘obesinogenic’ or ‘Western-type’
environment, these same genes would lead to chronic
diseases!™!. Genetic and early life environmental factors,
even before birth, have also been shown to be important
in adult height determination. Moreover, it has been
suggested that the ‘fetal programming’ hypothesis or
factors that promote linear growth in childhood might
explain the epidemiological evidence on the clear dose-
response relationship between greater adult height and
a risk for CRC (http://www.dietandcancetrreport.org).
As has indeed been indicated by an animal model™™],
the underlying mechanisms might include epigenetic
modulation of growth hormone, insulin-like growth
factors and sex hormone binding protein expression, all
of which have an impact on height and growth and can
be modulated by dietary means.
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CONCLUSION

Epigenetic changes, such as alterations in methylation,
may occur in normal cells, but may prime the mucosa
for cancer progression. However, unlike genetic changes
in cancer, these epigenetic changes are potentially
reversible. The elucidation of the effects of food-derived
compounds on epigenetic changes in intestinal mucosa
is thus of great importance and will provide promising
targets for preventive and therapeutic interventions.
The identification of “methylation biomarkers” that are
specific for colorectal tumorigenesis would be useful
for risk assessment, especially in individuals who have
an inherited susceptibility for CRC. Furthermore, those
biomarkers required for the malignant phenotype would
identify pathways important as therapeutic targets. In
summary, the recognition of epigenetic changes as a
driving force in colorectal neoplasia opens new areas
of research in disease epidemiology, risk assessment,
prevention, and treatment.
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Abstract

Chronic pancreatitis is known to be a heterogeneous
disease with varied etiologies. Tropical calcific
pancreatitis (TCP) is a severe form of chronic
pancreatitis unique to developing countries. With
growing evidence of genetic factors contributing to the
pathogenesis of TCP, this review is aimed at compiling
the available information in this field. We also propose
a two hit model to explain the sequence of events in
the pathogenesis of TCP.
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INTRODUCTION

Pancreatitis is a heterogeneous disecase with varied
etiologies, defined as an inflammatory disease of the
pancreas leading to morphologic changes that typically
cause pain and/or loss of function. Chronic pancreatitis
(CP), [Online Mendelian inheritance in man (OMIM)
167800], is a continuing inflammatory disease which
eventually leads to morphologic changes characterized
by irreversible destruction and fibrosis of the exocrine
parenchyma, leading to exocrine pancreatic insufficiency
and progressive endocrine failure leading to diabetes.
Histologic changes from the normal pancreatic
architecture include irregular fibrosis, acinar cell loss,
islet cell loss and inflammatory cell infiltrates, and
distorted and blocked ducts'. Thus expert “state-of-the-
science” reviewers conceded that “chronic pancreatitis
remains an enigmatic process of uncertain pathogenesis,
unpredictable clinical course, and unclear treatment”?. In
most developed countries, alcohol causes about 60%-70%
of the cases of chronic pancreatitis in male patients,
and unknown causes are responsible for 25% of cases,
termed as idiopathic chronic pancreatitis (ICP). Tropical
calcific pancreatitis (TCP, OMIM 608189) is a juvenile
form of chronic calcific non alcoholic pancreatitis, seen
almost exclusively in developing countries of the tropical
world”. In the most simple of terms, tropical calcific
pancreatitis has been described as a disease with “pain in
childhood, diabetes in puberty and death at the prime of
life!".

TCP patients in former years were mostly children,
adolescents, or sometimes young adults, who had
common characteristics of malnutrition, deficiency
signs, a cyanotic hue of enlarged lips, bilaterally enlarged
parotid glands, a pot belly, and sometimes pedal edema.
However, the clinical features and presentation of
tropical pancreatitis has changed over the past 50 years
with an older age of onset; severe malnutrition being
uncommon with many patients being of ideal body
weight which is attributed to improved nutritional
status’” ",

The cardinal manifestations of TCP are recurrent
abdominal pain in childhood, followed by onset of
diabetes mellitus a few years later. Prevalence of
pancreatic calculi in TCP is neatly 90%, which is much
higher than in alcoholic pancreatitis (30%)". Pancreatic
calculi varying in size and shape are demonstrable
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throughout the markedly dilated main duct forming a
ductogram and in some cases even in the dilated ductules
mimicking a pancreatogram[g’lo]. Early reports on TCP
identified patients only in the late stages of the disease
when extreme emaciation and other obvious clinical
signs of protein malnutrition, such as bilateral parotid
gland enlargement as well as skin and hair changes of
kwashiorkor, dominated the clinical picturem. A recent
population based study in southern India has shown
the prevalence of TCP to be 0.02% in the general
population“z]. Histopathological changes include dilation
of the main pancreatic duct, intralobular fibrosis in eatly
and interacinar fibrosis in later stages[l3]. Unlike other
forms of CP, the diabetes secondary to TCP has been
given the unique name of ‘fibrocalculous pancreatic

diabetes’ (FCPD).

ETIOPATHOGENESIS OF TCP

Etiopathogenic mechanisms of TCP are still unclear.
Based on the observation that TCP almost exclusively
affects the poor population of developing nations,
malnutrition was strongly suspected to be a major
etiologic factor. The role of under-nutrition in the
etiology of TCP has been extensively reviewed!"""",
However, recent observations suggest that malnutrition
could be the effect rather than the cause of the disease.
The geographical distribution of TCP coincides with
the areas of consumption of cassava (Tapioca, Manihot
escnlenta), which is the staple diet of poor people
in Kerala, a state in India. Cyanogen toxicity in the
presence of malnutrition and antioxidant deficiency
has been proposed as an ideal setting for free radical
injury"®. However, TCP is prevalent in many parts of
India and Africa where cassava is not consumed and
is not seen in West African populations consuming a
high cassava diet"”. A study on rats fed with a cassava
diet for one year did not produce either pancreatitis or
diabetes™. Thus it is unlikely that cassava ingestion can
explain the majority of cases of TCP seen world wide
and the current opinion is that cyanogen toxicity is not
relevant in its etiopathogenesis. The contribution of
dietary factors like proteins, and carbohydrates is not
clear. The micronutrient deficiency-induced free radical
hypothesis[21’22]
further studies.

remains to be proven and certainly merits

GENETICS OF TCP

It had been hypothesized about a century ago that the
first important step in the development of pancreatitis
is the inappropriate activation of trypsinogen in the
pancreas[23’24]. Three different trypsinogens; cationic,
anionic and meso, representing 23.1%, 16% and 0.5% of
total pancreatic secretory proteins respectively, have been
®I Normally, after

trypsinogen is secreted into the duodenum it becomes

described in human pancreatic juice

active due to the action of an intestinal endopeptidase
called enterokinase at the Lys15-1le16 peptide bond,
releasing the N-terminal octapeptide called trypsinogen

activation peptide (TAP). It is thought that generally
about 5% of trypsinogens get activated within the
normal pancreas, but the pancreas has several safety
mechanisms to cope with the premature activation
of these enzymes, which would otherwise lead to
indiscriminate proteolysis (autodigestion) 2,

Trypsin is known to lose its activity spontaneously
by autolysis at the initial hydrolytic point of trypsin
at Arg122-Lys123, which renders it more susceptible
to further degradationm. A~06 kDa protein termed
pancreatic secretory trypsin inhibitor (PSTI) or serine
protease inhibitor Kazal type I (SPINK7, OMIM
167790) is present in the secretory granules of acinar
cells which binds to the active site of trypsin in a 1:1 ratio
and inhibits tryptic activities. Other safety mechanisms
are the presence of trypsin inhibitors in plasma including
al-antitrypsin and B2-microglobulin, which inhibit the
trypsin that leaks into the interstitial space around the
pancreas”. Tt has been hypothesized that the primary
mechanism to prevent trypsin injury inside the acinar
cell is to maintain calcium at low levels™. Trypsinogen
activation and trypsin survival are known to be regulated
by calcium. Once trypsinogen is secreted into the duct,
the calcium-dependent mechanisms utilized by the
acinar cell for protection from trypsin become irrelevant
because the calcium levels in the duct are quite high.
Instead, the duct is protected through maintenance of an
alkaline pH and by rapid flushing of the zymogens and
prematurely activated enzymes out of the pancreas and
into the duodenum™. Thus, trypsinogen plays a key role
in the initiation of pancreatitis by evading the protective
mechanisms leading to autodigestion of pancreas.

A high-density map of the human genome based
on polymorphic simple tandem repeat (STR) markers
and familial linkage analysis on several affected and
unaffected individuals in several generations made it
possible to identify an hereditary pancreatitis (HP)
gene locus on chromosome 7q35[30’3”. Subsequently
a mutation (365G>A) leading to arginine to histidine
substitution at 122 position (R122H) in cationic
trypsinogen gene [protease, serine, 1 (trypsin 1)(PRSS7),
OMIM 276000], was found to be associated with
hereditary pancreatitisml. Subsequent studies reported
other PRSS7 alterations including A16V, N29T, R116C,
and R122C, as well as several others, in families with
suspected hereditary pancreatitis or in patients without a
family history (www.uni-leipzig.de/ pancreasmutation)m.
The current model of PRSS7 mutations suggests that
the identified mutations cause enhanced auto-activation
of trypsinogen to trypsin or prevent prematurely
activated trypsin from being inactivated by autolysis.

Familial aggregation is seen in about 8% of TCP
patients. In some families, there has been evidence of
vertical transmission of TCP from patients to offspring,
while in others horizontal distribution of the disease
among siblings was reportedm. Familial aggregations
suggest a genetic etiology for TCP. However, on
screening known susceptibility factor, PRSS7, reported
to be associated with HP and CP in Western populations,
no association with TCP was found” ", Instead, the
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inhibitor of trypsinogen called SPINKT has been
reported to be strongly associated with TCP™), An
A>G transition at 101 nucleotide position in the SPINK7
gene leading to substitution of asparagine by serine at
codon 34 (N34S) has been reported with its highest
frequency (approximate 46%) found so far in the Indian
populationm
have been reported by several studies, establishing
SPINKT as a strong candidate for contributing to the
pathogenesis of TCP"™*. Loss of function mutations
in protease inhibitor SPINKT is thought to result in
sustained “super-trypsin” activity. However, no genotype-
phenotype correlation was found in patients carrying the
N34S SPINKT mutation in homozygous or heterozygous

[42

. Similar associations with varying strength

states"” and a wide variability has been reported in
the pattern of inheritance™’. Functional studies with
human recombinant N34S SPINK7 did not show altered
trypsin inhibitor capacity or secretion™ ™. An animal
model deficient of Spink3, the murine orthologue of
human SPINKT7, showed progressive disappearance of
acinar cells due to autophagic cell death and impaired
regeneration. Thus, it might be surmised that SPINK7
plays an essential role in the maintenance of integrity and
regeneration of acinar cells™. Nevertheless, pathogenic
mechanisms of N34S remain obscure. However,
N34S has been observed to be in complete linkage
disequilibrium with four intronic variants, 56-37T>C,
87+268A>g, 195-604G>A, 195-66_-65insTTTT", one
of which may be pathogenic. Thus, in spite of being the
strongest predictor and an important risk factor in the
pathogenesis of TCP, the mechanism of N34S SPINK7
still remains elusive.

Mutations in anionic trypsinogen [protease, serine,
2 (trypsin 2) (PRSS2), OMIM 601564] have been
hypothesized to cause the disease by a mechanism
similar to that of PRSS7. Earlier studies by various
groups in ICP and TCP patients did not find associated
polymorphisms in PRS2 However, a glycine to
arginine change at codon 191 in PRSS2 screened in a
European population has been demonstrated to play a
protective role against chronic pancreatitism. Functional
studies on purified recombinant G191R protein revealed
that generation of a novel tryptic cleavage site within the
mutated gene product makes the enzyme hypersensitive
to autocatalytic proteolysis, thus playing a protective role
in chronic pancreatitis. However, data from a study by
Chandak’s group (manuscript under review) suggests
that this variant may not have a significant role to play in
the Indian population. A very low allele frequency in the
control populations and a comparable frequency in TCP
patients are suggestive of the variant allele being neutral
to natural selection. This could possibly be due to the
dietary patterns marked by low protein consumption.

An association of Cystic fibrosis transmembrane
regulator (CFTR, OMIM 602421) gene with alcoholic
pancreatitis and ICP has been reported, where about
13.4%"" and 25.9%" of patients in two studies
were shown to carry at least one mutation in the
gene. A study by Noone e# al® revealed association
of CFTR mutations with ICP and a possibility of its

interaction with PRSS7 and SPINK7 mutations in
western populations. However, the frequency of CFIR
mutations was found to be lower in TCP patients[‘w
needs to be studied in a larger group of patients.

,and

Previous studies with synthetic substrates
demonstrated a similarity between cathepsin B (CTSB,
OMIM 116810) and trypsin in their specificity towards
synthetic substrates. This made it of interest to observe
if cathepsin B might activate trypsinogen. There is
evidence to suggest that partially purified beef spleen
cathepsin B activates trypsinogen to a trypsin-like
product. Studies on native and recombinant cationic
trypsinogen assigned a central role of cathepsin B in
the development of different forms of pancreatitism.
It was recently shown that polymorphisms in CTSB are
associated with TCP”". Mutations in the propeptide
region of the CTSB gene like .26V and S53G have
been found to be associated with TCP and it has been
hypothesized that inappropriate localization of cathepsin
B protein in zymogen granules due to these mutations
could lead to premature activation of trypsinogen.
This not only suggests an important role for CTSB
polymorphisms in T'CP, but also advocates emphasis on
factors likely to change the pH or alter the intracellular
calcium levels.

An important feature of TCP is the high incidence
of pancreatic calcification and stone formation. It
has been suggested that lithostathine C [coded by
regenerating islet-derived protein (Reg) genes], a major
proteic component of pancreatic stone in patients with
alcoholic calcifying chronic pancreatitis, could promote
the nucleation of calcite crystals or may prevent
pancreatic lithiasis by inhibiting calcite crystal nucleation
and growth in the pancreatic juice. With suggestions
that it might help in preventing the harmful activation
of protease precursors in the pancreatic juice, it was
thought to be a logical assumption that mutations in
this gene could lead to pancreatitis and calcification””.
Exons of Regla, gene (OMIM 167770) were screened
for associated polymorphisms, but no association has
7 As the protein is known to be
down-regulated in TCP patients, a recent study screened

been found so far'

the gene including the putative promoter and intronic
regions, but did not find a significant association with
TCP*". Regla is highly represented in human pancreatic
secretions unlike Reg73 (OMIM 167771), which is 87%
homologous to Reg7a, and is not extensively studied and
remains to be characterized'.

Progression to diabetes, called fibro-calculous
pancreatic diabetes (FCPD), which takes place in a
majority of TCP patients, is another important feature
of TCP, but the nature of the diabetes is controversial.
A recent study, hypothesized that investigating a
known susceptibility factor for T1D or T2D can help
in understanding the type and mechanism of diabetes
in FCPD patients. In this study type 2 diabetes (T2D)
associated polymorphisms in transcription factor 7 like
protein 2 (TCF7L.2, OMIM 602228) were screened in
TCP and FCPD patients. Although no association was
found with FCPD independently, data suggested that the
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Figure 1 Two hit model for the pathogenesis of TCP. First hit contributing
to the pathogenesis of TCP is likely to be loss of balance between activation
events and degradation of active trypsin leading to presence of persistent
“super-trypsin” within the acinar cell, which could occur due to mutations in
one or more genes like SPINK1, CTSB, CTRC, other yet unidentified genes,
resulting in inflammation. Presence of additional genetic and/or environmental
factors, which constitute the second hit, may lead to one or more phenotypes
such as stone formation, fibrosis, and/or diabetes mellitus. "Mutation in genes.

2nd hit

polymorphisms in TCF7L.2 may interact with SPINKT
and CTSB mutations and cause FCPD'*”,

Increased accumulation of extracellular matrix is
a histological characteristic of chronic pancreatitis
that results in pancreatic fibrosis (Haber ef a/, 1999).
Angiotensin converting enzyme (ACE, OMIM 106180),
a zinc metallopeptidase which is a key enzyme of
the renin-angiotensin system (RAS) and is known to
proliferate hepatic stellate cells, has been hypothesized
to play a role in pancreatic fibrosis in TCP patients. A
polymorphism within intron 16 (g.11417_11704del287)
of the ACE gene is strongly related to the circulating
enzyme levels in a dose dependent manner. However, no
association of this polymorphism has been found with
TCP™.

Genetic and functional data from a recent study by
Rosendahl ez a/*Y identified chymotrypsin C (CTRC,
OMIM 601405) as a new pancreatitis-associated gene and
discovered that loss-of-function alterations in the gene
predispose to pancreatitis by diminishing its protective
trypsin-degrading activity. The same was shown to be
true with TCP patients. Their observations provided
support for the trypsin-dependent pathogenic model
of chronic pancreatitis in humans by demonstrating
that trypsin-trypsinogen degradation by CTRC is an
important mechanism for maintaining the physiological
protease-antiprotease balance in the pancreas. Copy
number variations, i.e. triplication of a 605 kilobase
segment containing the PRSS7 and PRSS2 genes have
been reported in hereditary pancreatitis patients. A
study by Masson ¢ a/* revealed the molecular basis
of 6% of young ICP patients demonstrating chronic
pancreatitis to be a genomic disorder. However, no copy
number vatiations were found in TCP patients to provide
evidence, showing that trypsinogen gene mutations do

not play an important role in the pathogenesis of TCP
in the Indian population.

Mutations involving the calcium sensing receptor
(CASK, OMIM 601199) have been suggested to
increase the risk of chronic pancreatitis (CP), since high
intracellular levels of calcium activate trypsinogen within
the acinar cells. A combination of CASR and SPINKT7
gene mutations has been proposed to predispose to
idiopathic CP'". A study by Murugaian ez 2/*” identified
4 novel CASR mutations in T'CP patients and concluded
that the risk of disease may be further increased if there
is an associated SPINK7 mutation.

CONCLUSION

In conclusion, all the established mutations in the
cationic trypsinogen gene, including the copy number
polymorphism, are not a common cause of tropical
calcific pancreatitis in the Indian population”"*". The
model for etiopathogenesis of TCP emerging from the
available information is presented in Figure 1. Many
aspects of TCP remain unclear. What triggers intra-
pancreatic trypsin activation, and in the presence of
an intact autolysis site how is it maintained in an active
state? Are the various manifestations of TCP, such as
calcification, ketosis resistant diabetes mellitus, pancreatic
cancer and fibrosis, consequences of a proteolytic
cascade of prematurely activated trypsin? Since TCP
is a complex disease, in addition to candidate gene
analysis which has undoubtedly been influential, there
is a necessity for a more comprehensive and holistic
approach to understand its etiopathogenesis, to help
eatly detection and discover possible treatment. The role
of environmental factors as disease modifiers cannot be
undermined. An in-depth study of the contribution of
dietary- and lifestyle-related factors, and their association
with genetic variants would yield interesting leads.
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Abstract

Inflammatory bowel disease is a chronic, debilitating
disorder of the gastrointestinal tract. The etiology of
inflammatory bowel disease has not been elucidated,
but is thought to be multifactorial with both environ-
mental and genetic influences. A large body of
research has been conducted to elucidate the etiology
of inflammatory bowel disease. This article reviews this
literature, emphasizing the studies of breastfeeding
and the studies of genetic factors, particularly NOD2
polymorphisms.
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INTRODUCTION

Inflammatory bowel disease (IBD) is an idiopathic
condition characterized by chronic destructive
inflammation of the gastrointestinal tract. The
morbidity of IBD, particularly in younger patients, can
be considerable and may include effects on growth
and development, reproductive health, education,
employment, and psychological health. The pathogenesis
of IBD is thought to be a complex interaction between
genetic predisposition and inappropriate activation of
the mucosal immune system driven by the presence of
enteric flora and resulting in tissue injury" . Genetic
factors have been the subject of intense investigation
and, at least in some cases, may be involved in
inappropriate activation of the mucosal immune system.
Discerning other factors that influence the activation
of the mucosal immune system or the distribution
of enteric flora present in those at risk for IBD is
paramount in lessening the impact of IBD, a debilitating
condition that affects children and adults throughout
the world. One factor that may be important in the
pathogenesis of IBD is breastfeeding. Breastfeeding is a
protective factor for the development of several chronic
disorders™. The intent of this article is to review factors
involved in the development of IBD in children, with
particular emphasis on genetic factors and breastfeeding;

BACKGROUND

IBD is generally considered to include two major
disorders, Crohn’s disease (CD) and ulcerative
colitis (UC). CD and UC are similar conditions, but
most experts consider them separate diseases™”.
This distinction might have important therapeutic
implications. In the individual patient, CD and UC
can usually be distinguished on the basis of clinical
features (Table 1) and laboratory manifestations, as well
as radiographic, endoscopic, and histological features.
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CD uc
Region of Any portion of Rectum and colon
involvement gastrointestinal tract
Typical region of Ileum and colon Rectum and extending
involvement proximally
Nature of Segmental, transmural Continuous, limited to

inflammatory process

Extraintestinal

manifestations

Age at presentation

Gender difference

Oral aphthous ulcers,
peripheral arthritis,
erythema nodosum,
digital clubbing,
episcleritis, renal
stones, and gallstones
Bimodal; 1st peak in
late teens; 2nd peak in
late adulthood
Women are slightly
more likely than men
to develop CD

mucosa
Pyoderma
gangrenosum,
sclerosing cholangitis,
chronic active hepatitis,
and ankylosing
spondylitis

Bimodal; 1st peak in
late teens; 2nd peak in
late adulthood

Men are slightly more
likely than women to
develop UC

In some cases, a definitive diagnosis cannot initially be
made. These patients are diagnosed with indeterminate
colitis until a definitive diagnosis can be determined™”.

The clinical presentation of CD depends on the
region of the bowel involved, the degree of inflammation,
and the presence of complications. Children with
ileocolitis typically present with crampy abdominal
pain and diarrhea, which may be bloody. Systemic signs
and symptoms such as fever, malaise, casy fatigability,
and growth failure, are common in CD. Gastric and
duodenal involvement may cause vomiting and epigastric
pain. Perianal disease is common in CD. The clinical
presentation of UC typically includes bloody diarrhea
with mucus. More severe cases may also present with
tenesmus, urgency, crampy abdominal pain, and nocturnal
bowel movements. Onset is usually insidious with
gradual progression of symptoms. Fever, severe anemia,
hypoalbuminemia, and leukocytosis may also be present.
Presentation may be milder in cases involving only the
rectum. Systemic manifestations occur less commonly
than in CD. UC is associated with an increased risk of
colon cancer. Secondary amenorrhea is common during
periods of active disease in both CD and uch,

Both CD and UC were identified as clinical
disorders in the early 20th century. Population-based
studies have suggested an uneven distribution of IBD
throughout the world with the highest disease rates
occurring in “Westernized” countries”. The reported
incidence of CD is 3-4/100000 and the prevalence is
30-100/100000. Eatlier age at onset is associated with
more severe disease and with increased likelihood of
CD in family members. Incidence rates for UC are
highest in European countries and the United States
(15/100000) and lowest in Japan and South Africa
(1/100000). The incidence in Israel varies by country
of origin with the lowest rates among those from Asia
or Africa. The prevalence of UC in European countries
and the United States is 100-200/100000. In Europe
and North America, the incidence of IBD has increased

steadily since the first half of the 20th century™. In
particular, the incidence of CD has increased although
the incidence of UC has generally reached a plateau in
the second half of the 20th century (Tables 2 and 3). Of
note, the incidence of both CD and UC in children has
been increasing;

Rapid changes in the incidence of IBD within the
same population can best be explained by changes
in environmental factors since changes in genetic
predisposition do not occur rapidly”. Some studies have
demonstrated a predilection of IBD for urban rather
than rural populations or a north-south gradient of
disease incidence!. The incidence of IBD in individuals
of Jewish ancestry is higher than in individuals not
of Jewish ancestry. Migrant studies have shown that
immigrants acquire IBD at a rate consistent with that of
the new geographic area”!. This evidence suggests that
there is a significant influence of environmental factors
on the development of IBD.

A number of factors, including smoking, oral
contraceptive (OC) agents and diet, have been
considered as potential risk factors for IBD. Smoking,
the most extensively studied environmental factor in the
development of IBD, is a risk factor for cD" but a
protective factor for uc' A meta-analysis of smoking
and IBD confirmed these findings (Table 4)!"”. The
effect of passive smoke exposure in childhood on the
subsequent development of IBD remains inconclusive
(Table 4). The relationship between OC agents and
the development of IBD is less certain. Epidemiologic
investigations of the relationship between OC agents
and IBD yielded mixed results. A meta-analysis of these
studies showed evidence of a modestly increased risk
for CD and UC in OC users (Table 4). A more recent
study confirmed the modestly increased risk of CD and
UC in former and current users of OC agents, but the
difference was statistically significant only for current
users of OC agents and CD [y = 3.4 (1.0-11.9), » = 106
age-matched pairs]m. Because of the direct interface
between diet and the gastrointestinal tract, the role of
dietary factors in the development of IBD has been
extensively investigated. Eatly studies of diet had setious
methodological flaws and their findings have been
questionedm. A Japanese study of 101 cases and 143
controls found an increased risk of UC associated with
consumption of Western foods (Pwend = 0.04)"". More
recently, a well-designed study of diet was conducted in
newly diagnosed IBD patients [CD (» = 33), UC (» =
54)] (Table /)", A decreased risk of CD was associated
with increasing consumption of vitamin C. An increased
risk of UC was associated with increasing consumption
of sucrose, animal fat, cholesterol, and soft drinks.

The role of preceding infections in the development
of IBD is unclear (Table 4). In a matched case-
control study, patients with CD had a higher rate
of gastroenteritis in the first six months of life than
controls, but patients with UC did not". In separate
studies, children with CD"” and children with UC?”
were more likely than their unaffected siblings to have
had diarrheal illness during infancy. In a large study
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Annual incidence per 100000  Time period Geographic region Data collection Age group studied  References
0.73 1958-1960 Nottingham, England Retrospective Adults [70]
3.63 1970-1972 [70]
6.1 1971-1980 Orebro, Sweden Retrospective  Children < 16 years old [71]
'3.39 (white males) 1977-1979 Baltimore SMSA Retrospective All [10]
'3.54 (white females) [10]
'1.29 (non-white males) [10]
14,08 (non-white females) [10]
0.66 1968 Scotland Retrospective  Children < 16 years old [72]
229" 1983 [72]
0.00 1920-1929 Rochester, NY Retrospective All [73]
5.03 1970-1979 [73]
3.90 1980-1989 [73]
<1.0 1962-1969 Copenhagen Prospective All [74]
41 1979-1987 [74]
1.30 1983-1988 South Glamorgan, Wales ~ Retrospective ~ Children < 16 years old [75]
311 1989-1993 [75]
1.0 1940-1943 Olmsted County, MN Retrospective All [76]
7.8 1964-1973 [76]
6.9 1984-1993 [76]
14.6 1989-1994 Manitoba, Canada Retrospective All [77]
*1.91 1981-1983 Scotland Retrospective  Children <19 years old [78]
291 1990-1992 [78]
515 1990-1994 Iceland Prospective All [79]
12 1984-1986 Sweden Prospective Children < 16 years old [80]
13 1993-1995 [80]
5.2 1988-1990 Northern France Prospective All [81]
5.8 1991-1993 [81]
5.9 1994-1996 [81]
%6.4 1997-1999 [81]
2.00 1990-1994 Southeastern Norway Prospective Children < 16 years old [82]
4.56 2000-2001 Wisconsin Prospective Children < 18 years old [83]

'Age-adjusted; *Age- and gender-adjusted; "P < 0.0001 compared to 1968.

(257 cases of IBD with 2 matched controls per case)
of perinatal risk factors for IBD, the greatest risk
was associated with postnatal infections in the child
[y =55 (2.6-11.8)]". In a nested case-control study
(26 CD, 29 UC, ecight randomly selected controls
matched for gender and social class) from two national
longitudinal birth cohorts, infections during pregnancy
ot in childhood were associated with an increased
risk of CD and UC, but these differences were not
statistically signiﬁcantizzl. In a large, international multi-
center study of children with IBD and sex and age-
matched controls, recurrent respiratory infections were
significantly more common in CD and UC patients than
their controls and patients with CD used antibiotics
more frequently than their controls™. In this study,
there were no differences between cases and controls in
the frequency of gastroenteritis severe enough to require
hospitalization, the age of its occurrence, the frequency
of other hospitalizations, other recurrent infections,
or tonsillectomy/adenoidectomylz3J. In another study,
adults with CD reported an increased frequency of
childhood infections compared to neighbor controls
as well as more frequent treatment with antibiotics for
both otitis and pharyngitislm. In this same study, adults
with UC reported more frequent childhood infections
than neighbor controls, but no increased frequency of
antibiotic treatment”?.

The role of perinatal and childhood factors in the

development of IBD has been investigated, but very
little has been demonstrated (Table 4). No significant
differences were found in birth weight, prematurity, birth
at home, nursery school attendance, number of children
in nursery or first class at school, number of playmates,
bedroom sharing with other children, home environment
at different ages, birth month, or the number of siblings
but children with CD were more likely than controls to
be last born (P < 0.02). The age interval to the previous
sibling did not differ between last-born patients and
controls™. Two smaller studies found no association
between seasonality of birth, maternal age at birth, birth
weight, or birth order and either disease™". In a study
of perinatal factors, the occurrence of any perinatal
health event increased the risk of both CD and UCP".
The occurrence of any noninfectious perinatal event was
an independent risk factor for IBD [y = 3.5 (2.0-6.3)] as
was low socioeconomic status [y = 2.7 (1.2-5.7)] and low
placental weight [y = 1.5 (1.0-2.2)]. A large, population-
based case-control study from Sweden used siblings as
a marker for exposure patternm. Cases were identified
through the Swedish Inpatient Register and controls
(matched by age and area of residence) through Swedish
Census, Birth and Death registers. Analyses were
adjusted for sex, multiple birth, maternal age, region,
year of birth, and fathers’ social class. There was a
significant, graded negative association between CD and
number of younger siblings. Increasing maternal age was
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Annual incidence per 100000  Time period Geographic region Data collection Age group studied References
12.92 (white males) 1977-1979 Baltimore SMSA Retrospective All [10]
'1.79 (white females) [10]
'1.29 (non-white males) [10]
12.90 (non-white females) [10]
1.91 1968 Scotland Retrospective  Children < 16 years old [72]
*1.56 1983 [72]
0.06 1920-1929 Rochester, NY Retrospective All [73]
BI5il 1970-1979 [73]
2.32 1980-1989 [73]
6.9 1962-1969 Copenhagen Prospective All [84]
9.2 1980-1987 [84]
0.71 1983-1993  South Glamorgan, Wales  Retrospective ~ Children <16 years old [75]
14.3 1989-1994 Manitoba, Canada Retrospective All [77]
16.5 1990-1994 Iceland Prospective All [79]
14 1984-1986 Sweden Prospective Children < 16 years old [80]
3.2° 1993-1995 [80]
42 1988-1990 Northern France Prospective All [81]
43 1991-1993 [81]
3.9 1994-1996 [81]
35 1997-1999 [81]
214 1990-1994 Southeastern Norway Prospective Children <16 years old [77]
2.14 2000-2001 Wisconsin Prospective Children < 18 years old [83]

'Age-adjusted; *Age- and gender-adjusted; *P = 0.052 compared to 1968; °P < 0.05 compared to 1984-1986.

negatively associated with CD (P < 0.001). There was a
protective effect of younger siblings that was greatest
for those born soon after subjects, with statistical
significance disappearing for those born 5 years later
than subjects. There was a significant, graded positive
association between UC and number of older siblings.
Maternal age was not consistently associated with UC.
There was no discernible pattern in the relationship with
UC risk by age difference between subjects and their
older siblings[zﬂ.

Several studies have shown an increased risk of IBD
in relatives of individuals with CD compared to the
general population. Population studies found that first-
degree relatives of CD patients had a prevalence of CD
that was 10-21 times the population prevalence and a
prevalence of UC that was 6-10 times the population
prevalenceps’zm. Relatives of a patient with CD had a
greater risk of acquiring CD than UC and relatives
of a patient with UC had a greater risk of acquiring
UC than CD, but both diseases could occur in the
same family™. In general, the familial association
has been greater for individuals with CD than for
those with UC?". Twin studies have demonstrated
greater concordance for CD than for UC and greater
concordance for monozygotic twins than for dizygotic
twins” ). These observations suggest that there is an
inherited predisposition to the development of CD and
UcC.

GENETIC FACTORS

Several groups of investigators have conducted studies
to discern the modes of inheritance of CD and UC.
In one study, segregation analysis of 265 CD patients
and 5387 relatives suggested a recessive susceptibility

gene for CD with incomplete penetrance. The model
predicted that the proportion of cases explained by the
presence of this gene would be very high among those
with early onset disease and about 30% of cases would
be due to homozygosity for the genem]. In a second
study, complex segregation analysis of 133 CD patients
and their relatives also suggested a recessive major locus,
however, with nearly complete penetrance. This model
also predicted that 7% of patients would be homozygous
for the recessive gene, but 28% of patients under age
20 would be homozygous for the recessive genem. In
UC patients, segregation analysis of 65 patients and
their relatives suggested a rare additive major gene that
would account for 11% of the total phenotypic variance
and would have penetrance for heterozygotes of 0.22.
The model predicted that affected individuals would be
more likely to be heterozygous than homozygous for
the additive gene and risk to an offspring of an affected
individual would be 11%.

Subsequent genome-wide scanning studies have
identified a series of IBD susceptibility loci™™. Some
of these loci are more strongly associated with CD,
others with UC, and some with both. With respect
to CD, the most recent genome-wide scanning study
confirmed previously established associations at IBD1,
IBD5 (5q31), IL23R, ATG16L1, IRGM, TNFSF15,
and PTPN2, but also identified 21 new loci associated
with CD™. The first locus identified, IBD1, has shown
evidence for linkage with CD, but not with ucH,
Definitive evidence for linkage at IBD1 was confirmed
in a large, international IBD genetics consortium study
that also demonstrated equally increased allele sharing at
this locus in Jewish and non-Jewish cohorts™. In 2001,
three major, relatively uncommon, single nucleotide
polymorphisms (SNPs) were identified at a gene in
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Factor Effect Findings
Cigarette Protective factor for UC Pooled OR for UC = 0.41 (0.34-0.48); x> = 11.52 (P < 0.001)™
smoking Risk factor for CD Pooled OR for CD = 2.0 (1.65-2.47); 5* = 48.4 (P < 0.001)"”
Passive Uncertain No effect™*!
cigarette UC [y = 0.50 (0.25-1.00), 1 = 163]*"
smoke CD [y = 5.32 (1.09-25.9), 1 = 39 age and sex-matched pairs]"”!
UC [y =219 (0.75-6.41), n = 33 age and sex-matched pairs]""
Oral Risk factor for UC Pooled RR for UC = 1.29 [(0.94-1.77) adjusted for smoking]
contraceptive Risk factor for CD Pooled RR for UC = 1.68 [(0.97-2.88) unadjusted for smoking]
use Pooled RR for CD = 1.44 [(1.12-1.86) adjusted for smoking]
Pooled RR for CD = 1.68 [(0.97-2.88) unadjusted for smoking]
Diet Protective factor for CD
Vitamin C v =0.48 and y = 0.23 for medium and high intake, respectively, vs low intake, Piend = 0.0207
Risk factors for UC
Sucrose [Sucrose] y = 2.05 and y = 4.22 for medium and high intake, respectively, vs low intake, Ptrend = 0.02
Animal fat [Animal fat] y = 2.02 and y = 4.09 for medium and high intake, respectively, vs low intake, Piend = 0.02
Cholesterol [Cholesterol] y = 2.14 and y = 4.57 for medium and high intake, respectively, vs low intake, Ptrena = 0.02
Soft drinks [Soft drinks] y = 1.84 and \ = 3.39 for medium and high intake, respectively, vs low intake, vs Pirena = 002"
Infections Risk factor for CD/possible  CD patients had a higher rate of gastroenteritis than did controls (6/57 vs 1/114, P = 0.005)""
risk factor for UC UC patients and controls did not differ (4/51 vs 1/102, P = NS)*
Gastroenteritis Children with CD were more likely than unaffected siblings to have had diarrheal illness [RR = 2.7 (95%
Diarrheal illness in infancy ~ CI'1.5-5.8) P < 0.02, n = 294] Children with UC were more likely than unaffected siblings to have had
diarrheal illness [RR = 3.2 (95% CI 1.15-8.75), P = 0.03, n = 231]*"
Risk factor for CD and UC Recurrent respiratory infections were significantly more common in CD patients and in UC patients than
Recurrent respiratory their controls (102/298 vs 156/601 and 73/194 vs 106/393, respectively, both P < 0.01)"!
infections Adults with CD had an increased frequency of childhood infections compared to neighbor controls [y =
Childhood infections 4.67, (95% CI 2.65-8.23) n = 322 cases, 262 controls]**!
Adults with UC had more frequent childhood infections than neighbor controls [y = 2.37 (95% CI1.19-4.71)
(n =181 cases, 141 controls)]™
Antibiotic  Risk factor for CD Patients with CD used antibiotics more frequently than controls (P < 0.01)"!
use Adults with CD had more frequent treatment with antibiotics for both otitis [y = 2.07 (95% CI 1.03-4.14)]
and pharyngitis [y = 2.14 (95% CI 1.20-3.84)] than controls™"
Perinatal Risk factor for UC For UG, the odds ratios for having one, two, and three or more older siblings were 1.08 (1.03-1.14), 1.09
factors Number of older siblings (1.01-1.16), and 1.12 (1.02-1.23), respectively (1 = 15823 cases; 79546 controls)™”

Protective factor for CD
Number of younger siblings

For CD, the odds ratios for having one, two, and three or more younger siblings were 0.93 (0.88-0.99), 0.89
(0.82-0.96), and 0.83 (0.75-0.92), respectively (1 = 12668 cases; 63035 controls)™”

this locus, the NOD2/CARD15 gene that conferred
susceptibility to CD™"* One group identified three
separate SNPs in the NOD2 gene [a frameshift variant
(L1007£sinsC) and two missense variants (R702W and
GI08R)| which were associated with CD. The genotype
relative risks for CD in their sample compared to those
with no mutations, for simple heterozygous individuals,
homozygous individuals, and compound heterozygous
individuals (i.e. those with two different variant alleles)
were 3, 38, and 44, respectively. The demonstrated
gene-dosage effect suggested a recessive model of
inheritance. The other group identified only the
frameshift variant SNP. The reported genotype relative
risks for heterozygous and homozygous individuals
were 1.5 and 17.6, respectively. A third group confirmed
the presence of the frameshift variant in two different
cohorts of patients™, For CD, the mutation was highly
associated |heterozygotes and homozygotes »s normal,
y = 2.6 (1.5-4.5), ¢y = 42.1 (4.3-00), respectively]. In all
of these studies, the gene mutation was not associated
with UC. Subsequent studies by different investigators in
different Caucasian cohorts have confirmed that these
NOD?2 variants were independent risk factors for CD,
conferring susceptibility for CD™ ™. Overall, 27%-32%
of CD patients carry one major vatiant allele compared
to 10%-20% of Caucasian controls and 8%-17% of

CD patients carry two major variant alleles compared to
1%-5% of Caucasian controls”".

The NOD?2 gene encodes for a protein in monocytes
that is involved in the immune-mediated inflammatory
response to enteric pathogens. The frameshift variant
truncates the NOD2 protein and is associated with a
marked hyporesponsiveness of NF-kB activation with
lipopolysaccharide treatment. The missense variants
yield a NOD2 protein that showed a greater response to
lipopolysaccharide, but still a diminished ability to activate
NF-kB. How the mutant NOD2 proteins and impaired
NF-kB activation confer susceptibility to CD is unknown.
However, it is known that NOD?2 protein plays a critical
role in the detection of bacterial muramyl dipeptide, and
can activate the adaptive immune system by acting as an
adjuvant receptor for antibody production”"".

A number of investigators have attempted to define
demographic and clinical features associated with the
NOD?2 variants known to be associated with CD. Some
have identified a younger age of onset of CD associated
with the NOD2 variants, particularly the frameshift
variant and particularly for homozygotes or compound
heterozygotes' " while others have not******!. No
studies have reported any relationship between gender
and the NOD?2 variants. In one study, the frequency of
NOD?2 variant alleles was significantly higher in familial
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cases of CD than in sporadic cases of CD [30.9% (»
= 173) 5 19.3% (» = 405), P < 0.001]", but in two
other studies the frequency of NOD2 variant alleles
did not differ between familial and sporadic cases!™*,
The reported NOD2 variants confer risk primarily in
Caucasians, since they were not found in Asians with
CD"" and were found in much lower frequencies in
African-Americans with CD™”. NOD2 variants have been
associated with ileal (or ileocolonic) involvement and
stricturing disease™ "> 1n most of these studies,
homozygous and compound heterozygous patients had
increased risk of ileum-specific disease!™ stricturing
disease™, or both. Of the known NOD?2 variants,
the frameshift variant has the strongest association with

. . . 45 . . . 52
ileum-specific disease™ and stricturing disease™.

BREASTFEEDING

The relationship between breastfeeding in infancy and
subsequent development of IBD was first evaluated in
the early 1960’ by investigators who had observed that
some patients with UC demonstrated a striking clinical
relationship based on inclusion or exclusion of dairy
products from their diet™. They conducted a case-
control study of 132 adults with UC and 129 controls
matched for age and sex. Patients with UC were more
likely than controls to never have been breast-fed (X2 =
7.42,0.001 < P < 0.01) and to have been breast-fed 14 d
or less (X2 = 9.05, 0.001 < P < 0.005). Another group of
investigators conducted a similar but smaller study with
controls matched by age and sex to each of 51 adults with
UC and 57 adults with CD. They found that UC patients
were more likely never to have been breast-fed than
controls (15/51 »s 12/102, P = 0.005), but there were no
differences between CD patients and controls (11/57 »s
22/114, P = NS)“Sl. However, a population-based case-
control study in Sweden demonstrated a significantly
shorter duration of breastfeeding in CD patients than in
controls matched for sex and age (4.59 mo #s 5.76 mo, P
< 0.01, 7= 308 pairs)™.

One group of investigators conducted two separate
studies comparing infant feeding practices among
children with IBD and their unaffected siblings.
Compared to their unaffected siblings (» = 180), CD
patients (7 = 114) were less likely to have been breastfed
[RR = 3.6 (95% CI 1.4-9.0), P < 0.01] and more likely
to have received formula food from birth [RR = 3.1
(95% CI 1.3-7.4), P < 0.02]. CD patients were younger
than their unaffected siblings (P < 0.01) but did not
differ in gender, birth order, birth month, premature
delivery, type of milk used for bottle feeding, age at
introduction of solid foods, and length of exclusive
and total length of breastfeeding. Multivariate analysis
showed that only lack of breastfeeding and diarrheal
diseases during infancy were independently associated
with later development of CD". In the second study,
lack of breastfeeding did not differ significantly between
UC patients (# = 93) and unaffected siblings (z = 138)
[RR = 1.7 (95% CI 0.77-3.65), P = 0.19]. Multivariate
analysis showed that children with UC were more likely

than their unaffected siblings to be female (P = 0.01).
UC patients and their unaffected siblings did not differ
in age, duration of exclusive breastfeeding, total duration
of breastfeeding, age at introduction of solid foods,
birth order, or premature delivery™.

A clinic-based pediatric study of 68 CD patients, 39
UC patients and 202 controls, demonstrated a protective
effect of breastfeeding on development of CD
[breastfeeding < 5, 6-11, = 12 mo us not breastfeeding
vy 0.7 (0.3-1.5), 0.6 (0.2-1.5), 0.1 (0.01-1.10), respectively
(Prrena = 0.04)], and a tendency toward a protective effect
of breastfeeding on development of UC [breastfeeding
< 5, 6-11, = 12 mo »s not breastfeeding y 0.7 (0.3-1.6),
0.5 (0.2-1.5), 0.2 (0.03-2.20), respectively (Puend = 0.07)]*.
Both associations were controlled for maternal smoking,
An Italian multi-center study of incident cases (594 UC
patients and 225 CD patients) and randomly selected age
and gender matched controls (patients with acute disease
not related to smoking, OC use, or immunological
disorders) showed an increased risk of IBD in those
who had not been breastfed compared to those who
had [UC y = 1.5 (95% CI 1.1-2.1) #» = 594 pairs; CD
v = 1.9 (95% CI 1.1-3.3) #n = 225 pairs]. An increased
risk of IBD was detected in subjects who had not been
breastfed (controlling for smoking status and OC use),
but was statistically significant only in females [UC y =
2.2 (95% CI 1.2-3.6) n = 240 pairs; CD y = 2.5 (95%
CI 1.0-4.9) » = 106 pairs]m. A Japanese study identified
incident cases of IBD in children under the age of 15
years from a national epidemiological survey conducted
from 1978 to 1993, Healthy controls were matched
to cases by age, sex, and block of birth. Children with
CD were significantly less likely to have been breastfed
during the first 4 mo of life than were healthy children
[w = 0.3 (95% CI 0.13-0.70) » = 42 cases, 126 controls].
Children with UC were significantly less likely to have
been breastfed during the first 4 mo of life than were
healthy children [y = 0.53 (95% CI 0.31-0.89) » = 133
cases, 266 controls].

Quite a few smaller studies have evaluated the
relationship between breastfeeding and development of
IBD. Several of these studies showed a trend toward a
protective effect of breastfeeding on the development
of IBD, but were too small to achieve statistical
signiﬁcance“6’22’26’6”. Three studies conducted as postal
questionnaires all showed no association between
breastfeeding and either CD or UCP**% These postal
questionnaire studies in which cases identified their own
controls may have suffered from selection bias”"***"
and one of these studies had a very poor response rate
thus creating a potential for non-respondent bias!*”.
Two large studies failed to demonstrate any differences
between cases and controls with respect to breastfeeding
in infancy[21’23]. Breastfeeding data for one of these studies
was limited to that which was obtained from the hospital
chart at the time of the child’s delivery thus creating
potential for differential misclassification bias™. Many of
these studies that did not demonstrate a protective effect
of breastfeeding on the development of IBD did not
characterize breastfeeding as exclusive or mixed and did
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not report the duration of breastfeeding. Furthermore,
many of these studies did not include potential
confounders of the relationship between breastfeeding
and IBD. These confounders include family history of
IBD, cigarette smoking, OC use, preceding infections,
antibiotic use, and various perinatal factors.

Recently, a meta-analysis of all these studies was
conducted. Studies were graded based on predefined
guidelines. Criteria for the highest grade included
recruitment of cases and controls by the investigators,
confirmation of diagnosis by a physician, confirmation of
breastfeeding information by subjects’ mothers or other
close relatives, and response rate of at least 80% for both
cases and controls. Only four studies received the highest
grade for CD""* and four for UC*"*"** Based on all
studies of the relationship between breastfeeding and IBD,
there was a protective effect of breastfeeding on both CD
[Wpooled = 0.67 (95% CI 0.52-0.86) P < 0.001 (heterogeneity
test)] and UC [ypoolea = 0.77 (95% CI 0.61-0.96) P =
0.004 (heterogeneity test)]. Based on the highest grade
of studies, the effect of breastfeeding was even more
pronounced for both CD [ypooled = 0.45 (95% CI 0.26-0.79)
P =0.063 (heterogeneity test)] and UC [ypoolea = 0.56
(95% CI 0.38-0.81) P = 0.268 (heterogeneity test)]”. The
investigators concluded that their meta-analysis supported
the hypothesis that breastfeeding is protective for both
CD and UC and that the actual effect is probably greater
than their analysis demonstrated due to nondifferential
misclassification in some of the studies analyzed.

Subsequently, a population-based, pediatric matched
case-control study of environmental risk factors and
development of IBD was conducted in Northern
France”. All IBD cases diagnosed between 1988 and
1997 who were under 17 years of age and resident in the
study area at the time of diagnosis were recruited for the
study. Randomly selected controls were matched to cases
by age, sex, and living area. Subjects were interviewed by
trained interviewers and answers were validated using the
mandatory child health booklet. Controlling for maternal
education level, breastfeeding was an independent risk
factor for CD [y = 2.1 (95% CI 1.3-3.4) P = 0.003, »
= 222 pairs] as were family history of IBD, history of
eczema, and BCG vaccination®. Drinking tap water (zs
bottled water or well water) was a protective factor for
CD. Regarding the unexpected finding of breastfeeding
as a risk factor for CD, the investigators speculated that
this association might be the result of ecither delayed
infections at weaning or environmental contamination
of the breast milk in the highly industrialized region
in which the study was conducted. In the same study,
there was no association between breastfeeding and
development of UC. Controlling for maternal education,
risk factors for UC included family history of IBD,
disease during pregnancy, and bedroom sharing, but
appendectomy was a protective factor for uc,

After publication of this case-control study™, which
met the criteria for the highest grade, the meta-analysis
was repeated®. Including this study, the protective
effect of breastfeeding on the development of CD was
diminished [yyu = 0.62 (95% CI 0.27-1.43)], but the

protective effect of breastfeeding on the development
of UC was not altered significantly [ymu = 0.62 (95% CI
0.43-0.91)]. More importantly, the inclusion of the most
recent study resulted in a much higher heterogeneity for
the CD studies (P < 0.001, chi-square heterogeneity test).
The investigators offered several possible explanations
for the surprising different results of the highest
quality studies. These included differences in genetic
characteristics of the studies’ populations, subtypes of CD
with different etiologies, and variations in the components

of breast milk in the different regions studied.

SUMMARY

Despite extensive investigation, the etiology of IBD
1s still unknown. Clearly, a genetic predisposition to
IBD exists™ . Genome-wide scanning studies have
identified a series of IBD susceptibility loci, some of
which are more strongly associated with CD, others with
UC, and some with both™ ™). Three separate mutations
in the NOD2 gene have been identified that confer
susceptibility to cD"* but no specific mutations that
confer susceptibility to UC have yet been identified.
Despite the strong evidence of genetic predisposition to
IBD, it is clear that environmental factors also influence
the development of IBD. However, only cigarette
smoking has a well established association with IBD.
Paradoxically, cigarette smoking is a risk factor for CD,
but a protective factor for uC™. OC use may also play
a role in the etiology of CD although, obviously, only in

[13,14
women

. Numerous dietary components may play a
role in the etiology of IBD although these associations
are less certain'®"’. Many investigators have identified
associations between preceding infections and the
development of IBD"'*2%* 2nd some have identified
associations between antibiotic use and development
of IBD™*. Many perinatal factors have been studied,
but no consistent findings have been reported” >,
Although there have been conflicting reports, meta-
analysis of these reports indicates that breastfeeding is a
protective factor for both CD and UC,

Human breast milk contains many substances that
may influence growth and development as well as
function of the gastrointestinal tract. Some of these
factors may have age-dependent effects””. Furthermore,
the composition of colonic flora differs between
breastfed and bottle-fed infants®”. IBD pathogenesis
is presumed to be a complex interaction between
genetic predisposition and inappropriate activation of
the mucosal immune system driven by the presence
of enteric flora and resulting in tissue injury[ml. Thus,
it seems quite plausible that breastfeeding would have
a protective effect on the development of IBD in
genetically predisposed individuals, at least in childhood.

The preponderance of evidence suggests that
breastfeeding is a protective factor for IBD, with a greater
effect for CD than UC!™'*"#223 % A meta-analysis
of all available studies, taking into account the design
of the studies, demonstrated this protective effect of

breastfeeding on the development of IBD!. However,

www.wjgnet.com



Mikhailov TA et a/. Etiology of inflammatory bowel disease

277

this relationship has become more tenuous following
the most recent study of the relationship between
breastfeeding and IBD"*%, Why some studies showed a
protective effect of breastfeeding, some showed no effect,
and two showed that breastfeeding is a risk factor for
IBD is unclear. Proposed explanations include differences
in genetic characteristics of the populations studied,
subtypes of CD with different etiologies, and variations
in the components of breast milk in the different
regions studied®. The heterogeneous findings may also
result from differences in study design. Specifically, the
heterogeneous findings may be due to the failure to
control for genetic predisposition. Since IBD is thought
to occur in genetically predisposed hosts, inclusion of
subjects whose genetic predisposition is unknown may be
inappropriate. Since estimates of the frequency of NOD2
variants in the Caucasian population range from 4% to
20%" 9 inclusion of general population controls may
confound results of the investigation.

To date, no studies of the relationship between
breastfeeding and IBD have incorporated genetic
predisposition into the study design. Two studies have
been conducted using unaffected siblings of cases
as controls™". The first of these studies found that
children with CD were less likely to have been breastfed
[RR = 3.6 (95% CI 1.4-9.0) P < 0.01] than their
unaffected siblingsm. This is the strongest association
between breastfeeding and CD in any of the published
studies. The second study found that children with
UC were less likely to have been breastfed than their
unaffected siblings but the difference was not statistically
signiﬁcantm. Genetic predisposition is important in the
etiology of both CD and, to a lesser degree, UC. These
two studies were completed long before the discovery
of the NOD2 variants that confer susceptibility to
CD"* and no susceptibility genes for UC have yet
been identified. Nevertheless, these two studies may
better reflect the true relationship between breastfeeding
in infancy and the subsequent development of IBD
than any of the other published studies. To better
elucidate the relationship between breastfeeding, or
any environmental factor, and the development of
IBD, future studies should be conducted in such a
way that genetic susceptibility to IBD is considered.
Specifically, future studies of the etiology of IBD should
be designed such that both environmental factors and
genetic factors are incorporated in the same study and
gene-environment interaction should be assessed.
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Abstract

About 30% of patients with cirrhosis have diabetes mel-
litus (DM). Nowadays, it is a matter for debate whether
type 2 DM in the absence of obesity and hypertriglyceri-
demia may be a risk factor for chronic liver disease. DM,
which develops as a complication of cirrhosis, is known
as “hepatogenous diabetes”. Insulin resistance in mus-
cular and adipose tissues and hyperinsulinemia seem
to be the pathophysiologic bases of diabetes in liver
disease. An impaired response of the islet p-cells of the
pancreas and hepatic insulin resistance are also contrib-
utory factors. Non-alcoholic fatty liver disease, alcoholic
cirrhosis, chronic hepatitis C (CHC) and hemochroma-
tosis are more frequently associated with DM. Insulin
resistance increases the failure of the response to treat-
ment in patients with CHC and enhances progression
of fibrosis. DM in cirrhotic patients may be subclinical.
Hepatogenous diabetes is clinically different from that
of type 2 DM, since it is less frequently associated with
microangiopathy and patients more frequently suffer
complications of cirrhosis. DM increases the mortality of
cirrhotic patients. Treatment of the diabetes is complex
due to liver damage and hepatotoxicity of oral hypogly-
cemic drugs. This manuscript will review evidence that
exists in relation to: type 2 DM alone or as part of the
metabolic syndrome in the development of liver disease;
factors involved in the genesis of hepatogenous diabe-
tes; the impact of DM on the clinical outcome of liver
disease; the management of DM in cirrhotic patients
and the role of DM as a risk factor for the occurrence
and exacerbation of hepatocellular carcinoma.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Up to 96% of patients with citrhosis may be glucose
intolerant and 30% may be clinically diabetic!". Currently,
it is a matter for debate whether type 2 diabetes mellitus
(DM), in the absence of other risk factors contributing to
metabolic syndrome (obesity and hypertriglyceridemia),
could be a 1isk factor for the development and progression
of liver disease®™™. On the other hand, the diabetes which
develops as a complication of cirrhosis is known as
“hepatogenous diabetes” and is not recognized by the
American Diabetes Association and the World Health
Organization as a specific independent entity.

The liver has an important role in carbohydrate
metabolism since it is responsible for the balance of
blood glucose levels by means of glycogenogenesis and
glycogenolysis™ . Tn the presence of hepatic disease, the
metabolic homeostasis of glucose is impaired as a result
of disorders such as insulin resistance, glucose intolerance
and diabetes™*'""? Insulin resistance occurs not only
in muscular tissue, but also in adipose tissue, and this
combined with hyperinsulinemia seem to be important
pathophysiologic bases of diabetes in liver disease!™****'",
Additionally, the etiology of liver disease is important
in the incidence of DM, since non-alcoholic fatty liver
disease (NAFLD), alcohol, hepatitis C virus (HCV) and
hemochromatosis are frequently associated with DM "',

DM in patients with compensated liver cirrhosis may
be subclinical, since fasting serum glucose levels may be
normal. In these cases, it is necessary to perform an oral
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glucose tolerance test (OGTT) to detect an impairment
of glucose metabolism!”. The natural history of
hepatogenous diabetes is different from that of hereditary
type 2 DM, since it is less frequently associated with
microangiopathy. In contrast, the patient with cirrhosis
and diabetes suffers more frequently from complications
of cirthosis, which can cause death™*".

Treatment of diabetes in the cirrhotic patient is
complex because of the presence of liver damage
and the hepatotoxicity of oral hypoglycemic drugs.
Therefore, pharmacological therapy must be closely
monitored for the risk of hypoglycemia™>'”.

This review will present evidence that exists in
the literature in relation to: (1) type 2 DM alone or as
part of the metabolic syndrome in the development
of liver disease; (2) factors involved in the genesis of
hepatogenous diabetes; (3) the impact of DM on the
clinical outcome of liver disease; (4) the management
of DM in cirrhotic patients. Similarly, we will review
the role of type 2 DM and hepatogenous diabetes as
risk factors for the occurrence and exacerbation of
hepatocellular carcinoma (HCC).

TYPE 2 DM AS A RISK FACTOR FOR
NAFLD AND HCC

Epidemiology

Several studies suggest that type 2 DM may have an
etiological role in chronic liver disease and HCC regardless
of alcohol and viruses™ (Figure 1).

A total of 173643 patients with type 2 DM and
6500620 patients without type 2 DM, in whom chronic
liver disease was excluded at the time of entrollment and a
year latet, were observed over a 10-year period in a cohort
study. The incidence of non-alcoholic chronic liver disease
and HCC was significantly higher in diabetic patients
compared with non-diabetic patients. This risk was 2-fold
greater and was independent of alcoholic liver disease,
viral hepatitis and demographic factors'™. Although this
study has the strength of having a very large number of
individuals, it has been criticized because it included a
population comprised almost entirely of men (98%) from
the Department of Veterans Affairs, and the diagnoses
of type 2 DM, chronic liver disease and HCC were taken
from a database, and consequently they were not verified
biochemically and histopathologically. Additionally, other
factors that are part of the metabolic syndrome (which
already have a proven influence on the occurrence of
NAFLD such as obesity and dyslipidemia) were not taken
into account™.

In a study with a large number of patients carried
out in Denmark, the standardized incidence of HCC
was higher in men (4.0, 95% CI: 3.5-4.6) and women (2.1,
95% CI: 1.6-2.7) with type 2 DM compared with the

general population[zﬂ. Other studies with fewer patients

have yielded similar results™>*’,
In a recent case-control study that included 465
patients, DM prevalence was higher in patients with

HCC than in controls (31.2% »s 12.7%, OR 3.12 95%

\

— ‘ NAFLD ‘ﬂ‘ Cirrhosis ‘ﬂ‘ HCC ‘

Hyperlipidemia

Figure 1 Type 2 diabetes mellitus may give raise to non-alcoholic fatty liver
disease (NAFLD) which could progress to cirrhosis and hepatocellular
carcinoma (HCC).

Type 2 diabetes
mellitus

CI: 2.22-4.43). The DM had been diagnosed prior to the
occurrence of HCC in 84% of cases with an average
duration of 181.4 mo indicating that it was type 2 DM in
most cases”!. The above data suggests that type 2 DM
itself might be a risk factor for the occurrence of HCC.
Other studies showed that in the presence HCV, liver
fibrosis and alcohol, the risk is higher. Recently, it was
observed that patients suffering from chronic hepatitis C
(CHC), DM and advanced fibrosis had a 3-fold greater
risk than non-diabetic patients with mild to moderate
fibrosis of developing HCC in 5 years of follow-up (13%
v5 5%)%,

NAFLD

NAFLD comprises a series of liver disorders such as
simple steatosis, steatohepatitis, fibrosis and cirrhosis. It
is estimated that one third of American adult individuals
may suffer from fatty liver™. which is considered the
most benign manifestation of NAFLD. The primary
fatty liver results from the accumulation of fat,
mainly of triglycerides in liver cells in the presence of
insulin resistance, and frequently occurs as part of the
metabolic syndrome which is made up of obesity, type
2 DM and dyslipidemialz‘7j. Non-alcoholic steatohepatitis
(NASH) is a severe manifestation of NAFLD, since it
causes not only steatosis, but tissue inflammation, cell
damage and fibrosis. Nevertheless, the prevalence of
NASH is estimated at 2%-3%. NASH is regarded as an
entity that can progress to cirrhosis and liver failure, and
currently it is estimated to be the most common cause
of cryptogenic cirrhosis™”.

Pathophysiology
The mechanisms by which type 2 DM might cause
NAFLD are complex and have been studied in a
fragmented manner mainly in isolated biological systems.
It has been observed that the fatty liver, obesity and
insulin resistance act as co-factors to cause liver darnage[1’3’4].
Fatty liver is the result of an intracellular accumulation
of triglycerides because of increased uptake of free fatty
acids and de novo liponeogenesis in the hepatocytes. At the
same time, there is a reduction in the hepatic secretion of
very low density lipoproteins. The liver damage consists
of cellular necrosis and inflammation, and these disorders
result from an increase in mitochondrial oxidative stress
on triglycerides with the consequential generation of free
radicals and peroxisornesmm. The mitochondrial oxidative
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Figure 2 Liver damage caused by type 2
DM. Insulin resistance promotes release of free
fatty acids (FFA) from adipose tissue. The FFAs
are accumulated in the liver cells, and de novo
liponeogenesis (DNL) contributes also. The
reduced secretion of very low density lipoprotein
(VLDL) by hepatic cells saturates hepatocytes
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Figure 3 Etiology of liver cirrhosis most frequently associated with diabetes
mellitus.
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stress is increased also by the action of adipokines
(cytokines produced by the adipocytes) such as leptin and
tumor necrosis factor-o (TNF-qy), which are produced
in excess™. The reduction of adiponectin, which is a
regulatory adipokine, favors the activity of inflammatory
adipokines™. These chemical mediators, derived from
inflammation and cell necrosis, as well as the adipokines
activate the liver stellate cells and induce them to increase
production of collagen, connective tissue growth factor
and accumulation of extracellular matrix, in turn favoring

fibrosis™ (Figure 2).

DM AS A COMPLICATION OF CIRRHOSIS-
HEPATOGENOUS DIABETES

Epidemiology

Depending on the etiology, the degree of liver damage
and the diagnostic criteria, the reported incidence of
glucose intolerance varies from 60 to 80% and that of
diabetes between 20 and 60%">'*"" It is known that from
the early stages of chronic liver disease, insulin resistance

and glucose intolerance may be found in most of these
patients”, The diabetes manifests clinically as the liver
function detetiorates, thus hepatogenous diabetes can be
considered as an indicator of advanced liver disease™”.
The etiology of chronic liver disease is crucial in the
development of hepatogenous diabetes: alcohol, HCV,
hemochromatosis and NASH (Figure 3).

NASH: NASH is a severe manifestation of NAFLD.
NASH is associated with visceral obesity, hypertriglyceri-
demia, and virtually all patients have insulin resistance.
Therefore, it is not surprising that type 2 DM is present in
30%-45% of patients with NASH"".

On the other hand, it has been observed that obesity
itself is an independent risk factor for severe liver
disease”. Obesity is characterized by expanded adipose
tissue which is in a state of chronic inflammation resulting
in an increase in the secretion of adipokines. These
adipose tissue cytokines have a systemic effect particularly
on the liver, which leads to an altered metabolic state with
insulin resistance, hyperglycemia and hyperinsulinemia;
these abnormalities disrupt the liver metabolism of
lipidsm]. Cytokines, of which TNF-q is the most studied
member, stimulate the liver stellate cells directly inducing
hepatic fibrosis"". The body weight reduction improves
metabolic abnormalities that accompany the metabolic
syndrome such as hypetlipidemia and fatty liver™™.

CHC and HCYV: In a study conducted by The National
Health and Nutrition Examination Survey, a 3-fold
higher risk of DM was identified in individuals over 40
years of age with CHC, compared with those patients
with non-C chronic hepatitis'™. Knobler e a/ observed
a prevalence of DM of 33% in non-cirrhotic patients
with CHC, compared with 5.6% in a control grouplw.
In patients chronically infected with HCV, fatty liver was
observed in 30%-70% of cases™.
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In patients with CHC, a high prevalence of
glycometabolic abnormalities is reported such as glucose
intolerance in more than 40% and DM in more than
17%. Additionally, the insulin resistance observed in
these patients is an independent risk factor for steatosis
in relation to the severity of fibrosis**.

The mechanisms by which HCV produces insulin
resistance and DM are not clearly known. It has been
observed that HCV induces insulin resistance regardless
of body mass index and fibrosis stage. In a study
conducted in a transgenic animal model, the HCV core
protein was able to induce insulin resistance, steatosis
and DM. TNF-q overproduction seems to have been
the primary mechanism. This cytokine phosphorylates
the serine residues of the insulin receptor (IRS-1 and
IRS-2), and stimulates the overproduction of suppressor
of cytokines (SOC-3). SOC-3 inhibits phosphorylation
of Akt and phosphatidylinositol 3-kinase. All these
disorders, related to intracellular signaling of insulin,
could block the transactivation of GLUT-4, which
would result in block of glucose uptake at the cellular
level. Indeed, in the transgenic mouse, TNF-q, correlates
with the hyperinsulinism and TNF-o block occasioned
by the administration of anti-TNF-o drugs such as
infliximab avoids the appearance of insulin resistance.
Therefore, the mechanisms by which HCV induces
insulin resistance include: production of TNF-q, serine
phosphorylation of IRS and overexpression of SOCs.
Furthermore, the overproduction of TNF-a in patients
with CHC correlates with a faster progression of fibrosis
and a lower response to interferon™’.

On the other hand, HCV genotype may be of
importance in the occurrence of glucose metabolic
disorders, as genotypes 1 and 4 are significantly associated
with insulin resistance more frequently than genotypes
2 and 3 (37% wvs 17%)[47]. It is well demonstrated that
genotypes 1 and 4 are associated with a lower viral
sustained response to antiviral therapy than genotypes
2 and 3. Insulin resistance may be a cofactor that increases
the failure of the response to antiviral treatment observed
in these patients. In accordance with this, in a recent study
in patients with HCV genotype 1, those with HOMA >
2 (insulin resistance) had a 2-fold lower sustained response
to treatment than patients with HOMA < 2 (32.8%
v5 60.5%, respectively)™. For sustaining this idea, it is
important to note that in experiments carried out with
Huh-7 cells infected with HCV RNA, viral replication was
blocked by adding interferon to the system. However, the
ability of interferon to block viral replication was abolished
when insulin was added to interferon at a dose of 128
mcU/mL (similar to that seen in the hypetinsulinemic
states)™". Finally, it has been reported that patients with
CHC and insulin resistance have a less sustained response
to peginterferon plus ribavirin treatment compared with
patients without insulin resistance ™",

It seems that once the insulin resistance and DM-
inducing mechanisms in CHC are fired, their courses are
not affected by the presence or absence of viral activity.
Indeed, in a recent study it was observed that HCV
clearance by pegylated interferon and ribavirin treatment

did not reduce the risk of DM in patients with chronic
hepatitis and normal fasting blood glucose during a
period of 8 years of follow-up after treatment. Patients
with a sustained response had a similar incidence of DM
compared with those who did not respond to treatment
(14.8% 5 18.5%, respectively)®.

Alcohol: Patients with alcoholic liver disease have a high
relative risk of suffering diabetes™. This risk is directly
related to the amount of ingested alcohol, as it rises 2-fold
in patients ingesting more than 270 g of alcohol per week
compared with those ingesting less than 120 g/wk[ss].
Acute alcohol ingestion produces a significant reduction
in insulin-mediated glucose uptake. On the other hand,
patients with chronic alcoholism frequently have chronic
pancreatic damage and injury of pancreatic islet 3-cells
resulting in DM,

Hemochromatosis: Hereditary hemochromatosis is
a disease characterized by iron accumulation in several
organs-particulatly in the liver - as a result of a disorder
of the metabolism of this metal. This abnormality is
produced by a mutation of the HFE gene. In addition,
the iron can infiltrate the pancreas and myocardium. In
the pancreas, the concentration of iron is predominantly
in the acinus of exocrine secretion. However, infiltration
of Langerhans islets with damage to the insulin-
producing (-cells can also be observed. This is the
reason why DM can be observed in 50%-85% of
patients with hereditary hemochromatosis in advanced
stages[w. Additionally, glucose metabolic disorders
resulting from the liver damage probably contribute to

the high frequency of DM,

Pathophysiology of hepatogenous diabetes

The pathophysiology of hepatogenous diabetes is com-
plex and not precisely known. Insulin resistance in pe-
ripheral tissues (adipose and muscular tissue) plays a cen-
tral role in the glucose metabolism disturbance!™>>'"'*"7,
It has also been proposed that reduced insulin extraction
by the damaged liver and portosystemic shunts result in
hyperinsulinemia which is potentiated by raised levels of
contra-insulin hormones (glucagon, growth hormone,
insulin-like growth factor, free fatty acids and cyto-
kines)'"">"", However, a recent study reports that in
patients with Child B grade liver cirrhosis the hyperinsu-
linism may be produced by an increase of the pancreatic
B-cell sensitivity to glucose, whereas disturbance of he-
patic insulin extraction does not seem to have a signifi-
cant role®™. Tt has also been speculated that genetic and
environmental factors and some etiologic agents in liver
disease such as HCV, alcohol, and iron infiltration impair
the insulin secretion activity of the (3-cells of the pancre-
as”. In conclusion it seems that glucose intolerance may
result from two abnormalities that occur simultaneously:
(1) insulin resistance of muscle and (2) an inadequate re-
sponse of the -cells to appropriately secrete insulin to
overcome the defect in insulin action. On the other hand
DM develops as the result of progressive impairment in
insulin secretion together with the development of he-
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Figure 4 Pathophysiology of hepatogenous diabetes. One of the main
abnormalities is insulin resistance in muscular cells and the hepatic tissue.
Insulin resistance in muscle impairs non-oxidative and oxidative glucose
metabolism. The reduction of insulin clearance by the damaged liver and the
presence of portosystemic shunts in one hand and the desensitization of the
beta cells of the pancreas produced by diverse factors on the other hand may
produce hyperinsulinemia. With progression of the diabetes there is a reduction
in sensitivity of -cells for production of insulin.

patic insulin resistance leading to fasting hyperglycemia
and a diabetic glucose tolerance profile! ' (Figure 4).
Discrimination between hepatogenous diabetes and
type 2 DM may be difficult. In a recent study comparing
patients with hepatogenous diabetes »s patients with type 2
DM, the ratios of postprandial plasma glucose (PP2h) to
fasting plasma glucose (FPG) (2.27 »s 1.69), fasting insulin
(23.2 5 11.6 microlU/mL) and HOMA-Insulin Resistance
index (8.38 »s 3.52) were significantly higher in patients
with hepatogenous diabetes. Therefore, insulin resistance
in liver citrhosis is higher than in type 2 DM, and impair-
ment of hepatic insulin degradation may be an important
mechanism of hyperinsulinemia in liver cirrhosis™.

TYPE 2 DM AND HEPATOGENOUS
DIABETES AGGRAVATE LIVER
CIRRHOSIS AND HCC

DM increases morbidity and mortality of liver cirrhosis
patients
The effect of type 2 DM and hepatogenous diabetes
on the clinical outcome of cirrthosis and HCC has been
evaluated in only few studies. In cross-sectional retro-
spective studies in patients with cirrhosis of any etiology
it has been observed that the DM is associated with an
increased risk of complications™*"**. According to the
Verona study, which is based on a population of more
than 7000 individuals suffering from type 2 DM, the risk
of death at 5 years was 2.52-fold greater (CI 1.96-3.2)
than in the general population®™. Other studies report
that DM, obesity and steatosis are associated with liver
disease and more severe fibrosis in CHC'***",

It is important to note that neither the Child-Pugh
nor Model for End-Stage Liver Disease (MELD) Scores

(which are widely used as prognostic instruments of
morbidity and mortality in the short and long term for
cirrhotic patients) include in their parameters DM or glu-
cose intolerance™®). Nevertheless, interesting data have
been observed in some prospective longitudinal studies
involving cirrhotic patients where DM has been studied
as an independent prognostic factor. In a retrospective
and prospective study 354 (98 with diabetes) of 382 eli-
gible patients were followed for 6 years after inclusion
into the study: 110 were alive at the end of follow-up.
Prognostic factors identified by Kaplan-Meier analysis,
followed by Cox’s stepwise regression demonstrated in
sequence, albumin, ascites, age, encephalopathy, bilirubin,
diabetes, and platelets as prognostic factors of mortality.
The larger mortality rate in patients with diabetes, was not
due to complications of diabetes but to an increased risk
of hepatocellular failure™. Diabetes was no longer a risk
factor as a covariate in a subgroup of 271 patients when
varices were added but was again significant when patients
who died of gastrointestinal bleeding were excluded.

In another study carried out in patients suffering from
cirrhosis and refractory ascites on the waiting list for liver
transplantation it was observed that the HCC and DM,
but not the Child-Pugh score, were independent predic-
tive factors of mortality. The patients suffering from re-
fractory ascites and DM showed a 1- and 2-year probabil-
ity of survival of 32% and 18%, respectively. By contrast
survival rates of patients with refractory ascites without
DM were 62% and 58%, respectively®.

Nishida ez a/ performed the OGTT on a group of 56
patients with cirrhosis and normal fasting blood glucose.
A total of 38% of patients were diagnosed with DM, 23%
with glucose intolerance, and 39% were normal. After
5 years of follow-up, patients with diabetes and glucose
intolerance had significantly higher mortality than normal
patients (44% and 32% vs 5%, respectively). From a mul-
tiple regression analysis only serum albumin and DM were
independent negative predictive factors of survival'”.

Hepatogenous diabetes has a clinical behavior differ-
ent from that of hereditary type 2 DM, since it is less fre-
quently associated with retinopathy and cardiovascular and
renal complications[s’ssl. In cirrhotic patients with diabetes,

.. . 4,19,58
the most recurrent cause of death is liver failure™' ™.

DM increases the severity and mortality of HCC
At present, type 2 DM is considered a risk factor for the
occurrence of HCC. Hepatogenous diabetes together
with hepatitis B and C virus infection and alcoholic liver
cirrhosis increases the risk of HCC by 10-fold".
Patients with HCC and DM have a mortality risk
higher than patients with HCC without DM. In another
study involving 160 patients suffering from HCC, those
who had DM had a 1-year mortality rate higher than
those patients without DM. Additionally, they had more

. . 65
extensive disease!™.

Pathophysiologic mechanisms

The mechanisms by which diabetes worsens the clinical
course of liver cirrhosis have not been cleatly established.
Firstly, DM accelerates liver fibrosis and inflammation
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giving rise to more severe liver failure. Secondly, DM may
potentiate the incidence of bacterial infections in cirrhotic
patients which are associated with increased mortality®*”.

In relation to the first mechanism, insulin resistance
increases adipokine production (cytokines secreted by
adipose tissue), such as leptin and TINF-q,, which activates
the inflammatory pathways that exacerbate liver darnage[('gl.
In contrast, another cytokine produced by adipose tissue,
adiponectin, is a regulator of insulin sensitivity and tissue
inflammation®”. A reduction in the adiponectin levels
reflects peripheral and hepatic insulin resistance’”. There
has been speculation that hypoadiponectinemia may play a
role in liver disease progressionmm.

Regarding the second mechanism, DM may worsen
immunodepression in cirrhotic patients thus increasing the
incidence of severe infections which may have deleterious
effect on liver function. It should be noted that cirrhotic
patients with spontaneous bacterial peritonitis have a
high hospital mortality rate due to sepsis, liver failure
and hepatorenal syndrome. On the other hand, patients
with esophageal variceal bleeding have a high incidence
of infections that increase their in-hospital mortality
rate!?. Notwithstanding, it has not been established if
DM increases the mortality rate in patients with other
complications of cirrhosis.

In future, the precise mechanisms by which DM
may worsen liver function should be clarified, since
manipulation of these may be useful for reduction of
complications.

CLINICAL IMPLICATIONS OF DM IN THE
COURSE OF LIVER CIRRHOSIS AND
TREATMENT OF DIABETES

Clinical manifestations

Clinical manifestations of DM in the early stages of
cirrhosis are virtually absent. In a recently published study
involving compensated cirrhotic patients with normal
fasting serum glucose and without a family history of
type 2 DM, up to 77% had DM or glucose intolerance
diagnosed by means of OGTT. In 38% of cases, DM was
subclinical™. As liver function detetiorates, the incidence
of diabetes increases so that clinical diabetes may be seen
as a marker of liver failure.

Hepatogenous diabetes has particular clinical
characteristics: (1) unlike the hereditary type 2 DM, it
1s less frequently associated with risk factors such as
age, body mass index, and family history of diabetes;
(2) it is less frequently associated with retinopathy and
cardiovascular and renal complications; (3) it is more
frequently associated with hypoglycemic episodes as a
result of impaired liver function™"”

Although the incidence of obesity, DM and metabolic
syndrome have increased in the world, reaching epidemic
proportions, the role of DM as a prognostic factor of
morbidity and mortality in cirrhotic patients has been
scarcely studied. In addition, the impact of early diagnosis
and treatment of DM on the clinical course of cirrhosis is
unknown.

Treatment

Few studies have evaluated what is the most efficacious
therapy for DM in cirrhotic patients and what is the
impact of treatment of DM on the clinical course of
liver disease.

The treatment of DM of cirrhotic patients has par-
ticular characteristics that make it different from type
2 DM without liver disease: (1) about half the patients
have malnutrition; (2) when clinical DM is diagnosed,
the patient has advanced liver disease; (3) most of the
oral hypoglycemic agents are metabolized in the liver; (4)
patients often have episodes of hypoglycemia®.

The initial treatment of patients suffering from
mild to moderate hyperglycemia and compensated liver
disease may be a lifestyle change, since at this stage the
insulin resistance is a dominant factor. However, these
therapeutic measures may be compromised by very re-
strictive diets, since they might aggravate malnutrition
in some patients. On the other hand, physical exercise
which improves insulin resistance may not be an appro-
priate measure in patients with active liver disease'"”.

When DM manifests in advanced stages of liver
disease, the use of oral hypoglycemic drugs may be re-
quired. However, most of these drugs are metabolized
in the liver, therefore, the blood glucose levels during
treatment shall be closely monitored in order to avoid
hypoglycemia™. In these cases, biguanides, which re-
duce resistance to insulin, may be useful. Metformin is
a biguanide that is relatively contraindicated in patients
with advanced liver failure and patients who continue to
ingest alcohol, because of the risk of lactic acidosis™.

On the other hand, insulin secretagogues, despite the
fact that they are safe drugs in patients with liver disease,
probably are not useful, since they do not modify insu-
lin resistance and patients with alcoholic cirrhosis often
have pancreatic islet 3-cell damage™. These patients
have chronic compensatory hyperinsulinemia until the
islet B-cells are exhausted.

Alpha-glucosidase inhibitors can be useful in patients
suffering from liver cirrhosis, since their mechanism of
action is to reduce carbohydrate absorption in the bowel,
thus reducing the risk of postprandial hyperglycemia
that is common in these patients. In a randomized, dou-
ble-blind study involving 100 patients with compensated
liver cirrhosis and insulin-treated DM, the control of
postprandial and fasting blood glucose levels improved
significantly with the use of acarbose, an alpha-glucosi-
dase”™. In another crossover placebo-controlled study
involving patients with hepatic encephalopathy, acarbose
produced a significant improvement in postprandial
blood glucose level. Additionally, the patients had a re-
duction in plasma ammonia levels and an increase in the
frequency of bowel movements'". The reduction in am-
monia levels was probably the result of a decrease in the
proliferation of intestinal proteolytic bacteria caused by
bowel movement!”,

Thiazolidines may be particularly useful in cirrhotic
patients with DM, since they increase the insulin sensi-
tivity. However, troglitazone has been withdrawn from
the market because of its potential hepatotoxic effects.
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Nevertheless, rosiglitazone and pioglitazone appear to
be safer drugsm], but it is recommended that these drugs
should not be initiated if there is evidence of active liver
disease or if alanine transaminase levels are above 2.5
times the upper limit of normal. The use of these drugs
should be monitored closely whenever necessary.

Insulin requirements in the cirrhotic patient with
diabetes may vary. In patients with compensated cirrho-
sis, requirements may be greater compared to patients
with decompensated cirrhosis, since insulin resistance
predominates in the former while in the latter liver me-
tabolism of insulin is greatly reduced. Therefore, therapy
with insulin must be preferably performed in hospital-
ized patients with close monitoring of blood glucose
levels for development of hypoglycemia'™

Finally, liver transplantation rapidly normalizes glu-
cose tolerance and insulin sensitivity. It is thought that
this effect is due to an improvement in the hepatic cleat-
ance and peripheral glucose disposal. The latter effect
could be secondary to a correction of chronic hyperin-
1659 Tt has been observed that liver transplan-
tation, in reducing insulin resistance, cures hepatogenous
diabetes in 67% of cirrhotic-diabetic patients. In 33% of
patients diabetes was not corrected because of persist-

sulinemia

ence of a reduced B-cell function measured by means of
an OGTT. This abnormality would make these patients

eventually eligible for combined islet transplantation[m]

FUTURE PERSPECTIVES IN RESEARCH
OF DM IN LIVER CIRRHOSIS

Future research in the field of DM in cirrhotic patients
should clarify the following issues: (1) the role of isolated
type 2 DM in the genesis of chronic liver disease and the
factors involved in this complication; (2) the impact of
hepatogenous diabetes in the natural history of cirrhotic
patients; (3) the impact of early diagnosis and treatment
of hepatogenous diabetes (through OGTT) in reducing
mortality; (4) the benefits of controlling the DM in the
management of complications of liver cirrhosis; (5) the
mechanisms by which hepatogenous diabetes increases
morbidity and mortality of cirrhotic patients, as well as
the impact of the manipulation of these mechanisms on
the patients; (6) the establishment of clearer guidelines
for management of diabetes in the cirrhotic patient.

Perhaps the combination of DM with the currently
used scores (Child-Pugh and MELD scores) may
enhance the sensitivity and the specificity for prediction
of morbidity and mortality rates in cirrhotic patients.
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Abstract

Liver metastases and hepatocellular carcinomas are
two of the most common causes of cancer deaths in
the world. Radiofrequency ablation (RFA) is a well
recognized, effective and minimally invasive means
of treating malignant hepatic tumors. This article
describes the use of contrast-enhanced 3D ultrasound
(CE-3DUS) in the staging, targeting and follow-
up of patients with liver tumors undergoing RFA. In
particular, its value in the management of large hepatic
lesions will be illustrated. Current limitations of CE-
3DUS and future developments in the technique will
also be discussed. In summary, CE-3DUS is useful
in the RFA of liver tumors with improved detection
and display of occult lesions and recurrence, in the
assessment of lesional geometry and orientation for a
more accurate planning and guidance of multiple RFA
needle electrodes in large tumors and in the evaluation
of residual or recurrent disease within the immediate
and/or subsequent follow-up periods.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer liver metastases and hepatocellular
carcinomas are the two most common malignancies
of the liver, associated with a dismal outcome of zero
survival at 5-year if left untreated. Radiofrequency
ablation (RFA) is rapidly emerging as one of the most
popular, effective, minimally invasive, alternative
therapeutic tool to hepatic surgery in the treatment of
these liver malignancies. Conventional 2-dimensional
(2D) unenhanced ultrasound (US) guidance of RFA
1s limited due to its lower sensitivity when compared
with the referal modalities, such as contrast enhanced
computerized tomography (CT) or magnetic resonance
imaging (MRI). Recent advances in non-linear imaging
modes and developments in 3-dimensional (3D)
mechanical and electronic ultrasound probes have led
to a marked improvement in the real-time contrast
enhanced volumetric imaging with potential impact in
the detection, planning and targeting strategy of RFA
needle electrodes in the treatment beyond small lesions.
The objective of this article is to demonstrate the
usefulness of contrast-enhanced 3D ultrasound (CE-
3DUS) in the radiofrequency ablation of these liver
tumors. The indications for RFA of metastases and
hepatocellular carcinomas will be reviewed within the
appropriate clinical settings. The applications of CE-
3DUS in all the aspects of staging, planning, targeting
and follow-up of RFA are described and illustrated.

CLINICAL BACKGROUND

In the Western World, colorectal cancer accounts for
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14 and 16 percent of cancer deaths in men and women,
respectively, with approximately 25% of patients having
liver involvement at the time of initial presentation and
up to 50% will develop hepatic metastases during the
course of their disease!”. For patients with colorectal
liver metastases, surgical resection is the treatment
of choice, but only 10%-20% of patients are initially
candidates for potentially curative resection; resection
should be considered if there is no unresectable extra-
hepatic disease, all liver deposits can be resected with
a free clearance margin of 1 cm, and there is adequate
liver reserve. The five-year survival rates vary from
25%-40%"4. Seventy five percent of those who undetrgo
liver resection will develop recurrence and of these, the
liver is involved in 50%. Sixty five to eighty five percent
of all recurrences appeat within the first 2 yearsP.
Repeat liver resection in these patients still has a 5-year
survival of 30 to 40 percent. Whilst the post-operative
mortality or morbidity following repeated hepatectomy
i1s comparable to those of single hepatectomy, they are
not entirely negligible and hepatectomy is associated
with significant monetary expensel®.

The worldwide incidence of hepatocellular
carcinoma is increasing and in particular within North
America and Europe, which is progressively affecting
younger patients. It is now believed that this is mainly
attributed to the rise in hepatitis C viral infection, as the
rates associated with alcoholic cirrhosis and hepatitis
B virus infection have remained stable!. The disease is
extremely lethal with median survival rates of untreated
symptomatic cases ranging between 4 to 6 mo. Patients
with even small tumors also carry a significant mortality
as less than 50% will survive 5 years despite undergoing
apparently curative resection. Patients with early stage
hepatocellular carcinoma should be offered surgical
therapeutic options of transplantation ot resection!.
Transplantation offers a 4-year overall survival rate of
75% and a 4-year recurrence free survival rate of 83%.
However, few would benefit from transplantation given
the shortage of living donors and the eligibility of
patients to the “Milan criteria” for transplantation (i.e.
decompensated cirrhosis, solitary tumor smaller than
5 cm and up to 3 lesions smaller than 3 cm)P\. Similarly,
less than 5% of cirrhotic patients with hepatocellular
carcinoma would be suitable for hepatic resection under
current criteria (those with limited tumour burden and
relatively well preserved liver function).

Given the shortcomings of current surgical
approach, an effective, minimally invasive and repeatable
technique for the treatment of liver tumors could
potentially impact favorably in the management of these
patients.

RADIOFREQUENCY ABLATION

During the last decade, there has been considerable
development of the ablative techniques for oncological
applications including cryo-, radiofrequency-,
microwave- or laser- ablation and high intensity focused
ultrasound (HIFU). The development of radiofrequency

ablation can be traced back to 1891 through the
wotks of d’Arsonval!. In more recent yeats, with the
additional refinements to the design and power of the
equipments, it has emerged as the most popular tool for
the destruction of hepatic as well as other malignant
tissues. During the application of radiofrequency energy,
a high frequency alternating current moves from the
electrode in the immediate surrounding tissue and as the
ions within the tissue attempt to follow the change in
the direction of the alternating current, frictional heating
of the tissue is generated. Tissue temperature can be
elevated beyond 100 degrees centigrade, resulting in
coagulation necrosis of the tissue. Precise control of the
extent of tissue destruction can be achieved by adjusting
local temperature and electrical resistance.

Radiofrequency ablation of liver tumors can be
performed percutaneously, laparoscopically or as part
of an open surgical procedure!" . Ultrasound guidance
remains the optimal method for accurate targeting
of the tumors with the RFA needle electrode as it is
mobile, more practical, readily available, rapid and cost-
effective compared with CT or MR guidance. Despite
the availability of screening facilities with the current
advanced CT or MR modalities, RFA guidance with the
latter modalities is limited for multiple lesional ablations
during the same session requiring repeated large volumes
of contrast administration to complete all imaging
requirements; as such thetre is some hampering of the
work flow for the whole ablative process. As a result
many centers use a combination of both CT and US for
the ablative procedure.

INDICATIONS FOR RADIOFREQUENCY
ABLATION

Radiofrequency ablation is indicated in patients with
disease limited to the liver who do not meet the
criteria for surgical resectability for both hepatocellular
carcinomas and liver metastases!'*'%, RFA is now offered
to those who cannot undergo resection because of
inadequate surgical margins, inadequate liver reserve, co-
existing morbidity or patient choice and is performed
with a curative intent as in surgical resection. RFA is also
effective in the destruction of lesions localized adjacent
to major vascular structures including the hepatic veins
confluence with the inferior vena cava which would
preclude resection. The blood flow in major vessels acts
as a heat sink that protects the vascular endothelium
from thermal injury whilst allowing complete coagulation
of tissue immediately surrounding the blood vessel wall.
However, RFA is avoided for peri-hilar lesions due to
potential biliary damage leading to fistulous or stricturing
complications. With the increasingly aggressive approach
adopted by liver surgeons, open radiofrequency ablation
is routinely combined with liver resection in the
presence of multi-focal, bilateral metastases or upon the
detection of unexpected additional lesion. In these cases
hepatectomy is performed to deal with the main tumor
bulk and any residual tumors that cannot be resected,
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1s treated with RFA. Nonetheless, standard surgical
considerations still apply with no more than 70% of the
liver volume is removed and particular attention has to
be paid to patients with background liver cirrhosis with
limited functional reserve.

The use of new effective systemic chemotherapy
for the colorectal liver metastases has increased the
potential of obtaining significant response to the point
of enabling resectability. Studies have shown that
of patients with unresectable disease who received
second line neo-adjuvant therapy, up to 22% became

resectablel¥]

. There is also a growing proportion of these
patients who have had their disease down-staged, who
are subsequently referred for radiofrequency ablation
instead of surgical resection. The development of fairly
extensive steatosis in 20% to 66% of these patients
1s among the main reason for the choice of RFA, as
there is significant morbidity and mortality associated
in these cases following liver resection!""'®l. Patients
with large hepatocellular carcinomas are also now being
considered for trans-arterial chemo-embolisation/trans-
arterial embolization followed by RFA of any residual
disease. However, there is as yet no evidence that these
combination therapies with RFA leads to any survival
benefit compared with standard clinical practice.
The use of RFA in the treatment of other types of
metastatic tumors to the liver have also been advocated;
for example stable (6 mo) disease from breast, renal,
melanoma or neuro-endocrine metastases!'>',

IMAGING TASKS FOR RFA

Intra-operative ultrasonography (IOUS) has been shown
to yield significant new information, not identified on
pre-operative imaging, which determines resectability or
changes the operative plan in up to 50% of patients; it is
considered the gold standard thereby achieving universal
usage® 1. However, traditionally CT and MRI have been
used to routinely stage all patients with hepatocellular
carcinomas and metastatic hepatic colorectal disease.
Given the well-recognized limitations of conventional
unenhanced ultrasound, its role in the liver staging
process has been negligible. More recently, there has
been increasing interest in the use of ultrasound contrast
agents during the sonography of the liver to improve the
detection of liver metastases. Ultrasound contrast agents
consist of microbubbles of air or gases of low solubility,
stabilized by a lipid, surfactant or polymer shell.
Analogous to CT or MR, it is the relative distribution
of the contrast agents between normal tissue and the
lesion, which makes the lesion more visible and easier to
characterized®*!. Recent advances in non-linear imaging
in the form of pulse inversion together with power
modulation modes, combined with the development
of contrast agents with liver specificity, have markedly
improved the sensitivity of sonography in the detection
of small metastases, which may be equal to or even
supetiot to that of CT or MR in some cases?**".

Whilst we ate accustomed to viewing cross-sectional
imaging in a two dimensional perspective, tumor staging,

its treatment planning, targeting and assessment of
therapeutic response would clearly benefit from a three
dimensional morphological as well as functional imaging
aspect. In that respect, as a result of technological
innovations in non-linear modes (NLM) and new probe
design, real time imaging with CE 3D-US is now a
reality.

Liver staging

Almost all patients are referred for RFA, based on the
CT and/or MR imaging findings; RFA would only be
feasible under ultrasound guidance, if all the lesions
identified on the referral imaging modalities could actually
be detected on ultrasound itself. However, conventional
ultrasound is well recognized to be limited in the
detection of liver metastases and in the identification
of hepatocellular carcinoma in a multi-nodular cirrhotic
background. Furthermore, in patients with colorectal liver
metastases who have had neo-adjuvant chemotherapy and
subsequently referred for RFA, the difficulty of identifying
all metastases is significantly increased due to widespread
steatosis. Compared with conventional ultrasound,
contrast-enhanced ultrasound (CE-US) has been shown
to be highly accurate in determining the extent and
distribution of tumor burden within the liver. Recent
studies have shown that the sensitivity and accuracy of
CE-US are comparable with those of CT and/or MR
enhanced with liver specific contrast agents™*’. Within
the RFA clinical setting, the sensitivity of ultrasound in the
detection of metastases, HCCs and all lesions combined
has been reported to be 42.9%, 66.7% and 51.4%,
respectively; in comparison, the sensitivity for contrast
enhanced ultrasound was 100% for all 3 groups™.
Complete ultrasound guided RFA would have been
impossible without the use of contrast agent in 60.4% as
the lesions remained occult on the unenhanced ultrasound
and of these, no lesions could be detected in 15.4%. To
identify all lesions as seen on CT/MRI, contrast enhanced
ultrasound was required in 88.9% patients with metastases
compared with 41.3% of patients with hepatocellular
carcinomas. Of the patients with metastases, 44.4%
had been on second line systemic chemotherapy and all
required contrast enhanced ultrasound to detect all lesions.
No patient was subsequently referred for CT/MRI guided
RFA. Follow-up CT/MRI confirmed successful targeting
in all patients.

Moreover, in staging the liver for ablation,
characterization of all the targeted lesions is important
to ensure they are truly malignant; this is particularly so
with referrals based on CT scans where hemangiomas
may be misdiagnosed as metastases. In patients who
have had systemic chemotherapy, there are potential
problems with underestimation of the true extent of
the disease as well as presence of pseudo-tumors due to
diffuse areas of fatty infiltration and focal areas of fatty
sparing, respectively. Contrast enhanced ultrasound is
particularly useful in confirming the true nature of these
benign lesions with real-time evaluation of the lesional
micro-vascularization (Figures 1 and 2).

From a practical standpoint, scheduling for CT or
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Figure 1 Focal fat sparing shown as iso-echogenicity as adjacent
liver parenchyma. A: Late phase of CE-US; B: Hypo-echoic area on the
fundamental mode.

MR scans within the 4-6 wk of the RFA procedure may
not always be possible because of lack of availability
and/or accessibility. With the benefit of its higher
accuracy, contrast enhanced ultrasound also offers the
flexibility in enabling re-staging immediately prior to the
RFA procedure. Using standardized scanning protocols,
CE 3D-US may even be superior to CE-US (2D) in the
detection and display of these occult liver tumors as well
as improving workflow. To ensure complete coverage
of the liver, scanning protocols with CE-3DUS include
wide angled automated sweeps at the epigastrium,
sub-costally and the 3 intercostal spaces in the right
upper quadrant of the abdomen, during the arterial,
portal venous and late phases of the intravenous bolus
injection of the contrast agent. The CE-3DUS set of
data may be transferred onto a workstation or a PACS
for archiving and reviewed subsequently; it can also be
displayed in the same manner as CT or MRI, analyzed
and then reported (Figure 3). The whole examination
may be performed by the sonologist and the review can
be carried out immediately online or subsequently by the
sonologist or the Radiologist with improvement in the
workflow. There are anecdotal reports of the superiority
of CE-3DUS over baseline fundamental unenhanced 2D
and 3D ultrasound in the detection and display of occult
liver metastases (Figure 3). Furthermore, in dealing
with larger tumors and in particular local recurrence,
CE-3DUS can define more cleatly the biologically
active target tumor volume. This is supported by recent
preliminary study using a 3D Shape based analysis of
CT scans showing that the technique may be useful
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Figure 2 Haemangioma. A: Baseline focal hypo-echoic lesion; B: Arterial
phase showing peripheral rim enhancement; C: Portal venous phase showing
peripheral globular rim enhancement; D: Late phase showing progressive
centripetal filling-in which is characteristic for hemangioma.

in assessing RFA ablation results in revealing earlier
recurrences unsuspected clinically™!.

Assessment of tumour size and geometry
The selection of the RFA needle electrodes and the
appropriate ablation protocols depend on the size of
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B3
68.7 mm
B6
78.5 mm

Figure 3 Unenhanced ultrasound
and contrast enhanced 3D US.
A: Unenhanced Fundamental mode
ultrasound showing apparently normal
liver; B: Contrast enhanced 3D US
displayed as axial scans showing
numerous occult metastases appearing
as filling defects in the late phase.

Figure 4 Multi-planar reconstruction. A: Tumor appears to be spherical in tumor modeling; B: Background liver subtraction shows geometry of the tumor model and

long axis.

the tumor to be ablated. When the tumor is small (2
to 3 cm), its geometry is usually spherical. However,
larger (> 3 cm) tumours may be elliptical. In locally
advanced disease there may be aggregates of “daughter”
hepatocellular carcinomas or “satellite” metastases
merging as they grow resulting into lobular masses.
Unenhanced and CE-3DUS assessment of the tumot
geometry and determination of the lesional long axis

is required to plan for the RFA targeting in order to
restrict the number of RFA needle electrode insertions
to the bare minimum to avoid seedling and potential
complications (Figure 4). If the tumor is elongated, 3D
assessment of the tumor geometry and its orientation
relative to the probe position enables the planning of the
insertion of the RFA needle electrode along the center
of the tumor’s long axis to treat the lower half of the
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lesion first and subsequent withdrawal of the electrode
to ablate the proximal residual tumor mass with a single
puncture approach (Figure 4B).

Accurate delineation of the viable tumor margins in 3
orthogonal planes is a key in determining the true size of
the lesion. Analogous to liver resection, ablation of the
0.5 to 1.0 cm layer of “normal” liver parenchyma around
the tumor margin is important to limit subsequent local
recurrence. Conventional US may be limited in delineating
the true viable tumor margin; on the other hand CE-
3DUS can accurately demonstrate the normal liver/tumor
margin. Whilst this may not be critical for small lesions,
with larger lesions a 5 mm error may significantly increase
the risk of leaving residual disease. The importance of the
true delineation and geometry is also largely related to the
limited ablative capability of current RFA single or cluster
needle electrodes which will produce at best a sphere
of coagulation necrosis of 5 cm in diameter. Once the
3D data set has been acquired, the measurement of the
tumor diameter in all 3 orthogonal planes determines the
appropriate RFA needle electrodes.

Volume of the tumor can also be calculated
automatically or manually depending on the software
available. This can be done automatically following CE-
3DUS using an “auto stacked contours” system, which
automatically determines the tumor/normal liver border.
First all 3 orthogonal planes are aligned into the center
of the mass. The borders of the tumor are marked, and
the number of slices for tracing the contours can be
selected. Each contour is mapped and the tumor model
created and its volume calculated automatically. Without
the use of contrast, there is no automatic delineation
of the tumor/normal liver border and the stacking of
the tumor contours needs to be done manually which is
more time consuming,

Targeting of tumors

Conventional ultrasound (2D) has been shown to be
an excellent real-time tool in the placement of biopsy
needles and RFA needle electrodes. Its limitation in
the detection of occult liver tumors is well recognized
compared with contrast enhanced CT and MR. Without
the use of ultrasound contrast agents, these occult
tumors could be localized using adjacent anatomical
landmarks and then targeted blindly (i.e. without
actual visualization of the tumor). CE-US facilitates
the identification of these occult tumors for biopsy
and/or for ablation. However, CE-US relies on the
use of non-linear imaging mode to depict the contrast
enhancement of the normal liver parenchyma with the
malignant tumors appearing as filling defects in the late
phase. Non-linear imaging mode is highly effective in
subtracting native tissue linear echoes including those
of the target biopsy needle or RFA needle electrodes.
Whilst CE-US will identify the occult tumors,
visualization of the biopsy needles and RFA needle
electrodes is difficult on the non-linear imaging mode at
low output power (Mechanical index). In the past, one
had to switch between the non-linear imaging mode

Figure 5 Side-by-side screen. Blue arrow points to small occult metastasis
only seen on the CE-US non-linear imaging mode (A), whilst the open arrows
point to the RFA needle electrode trajectory towards the occult metastasis,
which is only visualized on the fundamental US scan (B).

and fundamental modes screen to identify the position
of the tumor and needle, respectively. However, with
the advent of the side by side dual screen with the low
MI fundamental mode and non-linear imaging mode
simultaneously displaying the needle and the occult
lesion, respectively, accurate real time targeting of occult
lesions has been facilitated and significantly improves
the work flow obviating the need to resort to CT or
MRI scan guidance (Figure 5).

With 2D US data acquisition, it is difficult to
visualize mentally the 3D spatial aspects of the tumor
and its specific relation to the surrounding hepatic
vascular structures. CE-3DUS enables the modelling
of the tumor geometry and determination of its
long axis as well as its spatial relationship with the
adjacent hepatic vascular anatomy and sometimes the
extra-hepatic vital structures when the tumor is sub-
capsular in location. The placement of the RFA needle
electrodes can then be performed with reference to
the probe position with the aid of a needle-guide or
free-hand control (Figure 4). Furthermore, the added
information provided by CE-3DUS also enables a more
aggressive approach to the ablation of larger lesions
beyond usage of a singular RFA needle electrode.
Placement of multiple RFA needle electrodes will create
coagulation necrosis even beyond the 7 cm (Figure 0).
But the deployment of these multiple RFA needle
electrodes needs to be accurate and is facilitated with
CE-3DUS planning and guidance.

Thete ate reports of improved needle localization
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Figure 6 RFA needle electrode. Modeling to show the placement of the RFA needle electrodes to enable 12 overlapping spheres to give an equivalent of 7.5 cm
diameter target sphere. (A, B) lower pole ablation with 3 RFA needle electrodes (red arrows) to create 3 overlapping ablation spheres (C, D) middle row ablation with
6 RFA needle electrodes (blue arrows) to create 6 overlapping ablation spheres and (E, F) upper pole ablation with retraction of the first 3 RFA electrodes to complete
the target sphere of 7.5 cm.

Figure 7 RFA needle electrode with expandable antennas.

and guidance during biopsy using unenhanced 3D-USP.
Earlier studies using unenhanced 3D-US to guide
RFA needle electrodes have shown an increase in the
confidence of the operator as well as a more accurate
positioning of the electrodes in the majority of cases
when compared with conventional 2D ultrasound
guidancel'??. With regard to the accurate placement
of RFA needle electrodes with expandable multiple
antennas (Figure 7), particular attention needs to be
observed (1) that the expandable antennas are deployed
uniformly and symmetrically within the tumor to ensure
margin (2) with lesions adjacent to vascular structures
and sub-capsular location, that the latter are not
punctured. 3D US is particularly valuable in the depiction
of the safe deployment of these expandable antennas
with the use of the elevation plane. 3D US enables
the visualization of the RFA needle electrodes and the

tumor simultaneously in the 3 orthogonal planes, among
which the coronal and sagittal planes are aligned along
the RFA needle electrode long axis whilst the elevation
plane being perpendicular to it (Figures 8-10). Through
translation or rotation within the acquired 3D volume,
all regions of interest can be viewed from arbitrary
orientations without any restriction of the transducer
axis. The placement of multiple RFA needle electrodes
can be planned following acquisition of the 3D volume
data and accurate measurement of the distance between
the electrodes and the tumor margin can be performed
in advanced limiting the danger of unnecessary
repeated electrode punctures through “trial and error”
(Figure 11).

Monitoring of response

To assess the initial response to treatment, CE-3DUS
can be performed only at 7 to 10 min after the end
of RFA to allow for the dissipation of the native gas
produced during the ablation process. Acquisition of
3D data set is carried out during the hepatic arterial,
portal venous and late phase. Absence of any intra-
lesional enhancement or moving microbubbles is
consistent with complete coagulation necrosis and
is easily depicted in hypervascular tumors. Residual
viable tumor tissue is suspected when a portion of the
original lesion maintains its micro-vascularity during
the vascular phases. In enabling immediate further
RFA of the residual disease, unnecessary delay may be
avoided ensuring complete treatment within a single
session. However, non-visualization of vascularity is not
always a reliable indicator in the case of hypovascular
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Figure 8 Multi-planar
reconstruction. RFA Needle
electrode placement along
the long axis of the tumour
mass which correspond to
the planned “Red” axial plane
bisecting the perpendicular
the “Green” sagittal plane
with reference to the probe
position.

Figure 9 Matrix probe.
3D US showing the hyper-
echoic needle electrode tip
and its spatial position in
the tumour (white arrows
delineates the tumour
margin) in the subcapsular
area and is clearly depicted
in 3 orthogonal 2D images
confirming the tip being in the
center of the tumour.

tumorts as in the case of most colorectal liver metastases.
Complete coagulation necrosis may then be assessed
through the side-by-side comparison of pre-RFA lesion
size, volume and location, with those of the post-

E3]

treatment coagulation necrosis. Peri-lesional “safety
margin adequacy must be evaluated at the same time.
Clearly the advantage of CE-3DUS data acquisition
during the vascular (arterial and portal) and late phases
is evident to ascertain complete assessment of the

volume of coagulation necrosis or presence of residual
disease (Figure 12). Evaluation of the post RFA ablation
volume relative to the pre RFA tumor volume may also
be a particular additional important parameter in the
assessment of response. A similar technique can also
be used in the surveillance of these patients in the post
ablative periods at 3, 6 or 12 mo; whilst this may not be
optimal for patients with metastases who would benefit
from CT in the surveillance for extra-hepatic disease,
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Figure 10 The 3 orthogonal planes showing the RFA needle electrodes with the multiple antennas deployed and clearly visualised on the (Blue: left lower
quadrant) elevation plane following alignment of the Green and Red planes along the axis of the RFA needle electrode.

ElipseAl
DistanceB

ElipseA
DistanceB

Hipser]
DistanceB

Figure 11 3D CE-US. A: Ellipse marks the tumor border at its maximal diameter (5 cm). First needle electrode insertion is planned from the elevation plane (Blue
box) at 1 cm from the edge of the tumor. Green and Red orthogonal planes mark the trajectory of the needle electrode. B: Distance B measures 2.5 cm from the first
needle electrode insertion and plans the plane (Green) of insertion for the next two needle electrodes. C: The second needle electrode is placed at the Green and Red
planes intersection measuring 1.5 cm superior to the last position. D: Third needle insertion is placed at the Red and Green plane intersection, 3 cm below the second

needle electrode as shown on the Blue plane.

it may be adequate for the surveillance of patients
with hepatocellular carcinomas due to the much lower
incidence of extra-hepatic dissemination.

Once local recurrence has been identified, CE-
3DUS evaluation in the arterial phase and multi-planar
reconstruction modelling are important in the planning
for further RFA in that the geometry of the mass is
usually non-spherical (Figure 13).

LIMITATIONS OF CE-3DUS

The spatial resolution of the current 3D probes is still
limited on the non-linear imaging modes such that border
delineation on the elevation plane is relatively poor.
Volumetric acquisition of the data may be associated
with distortion of the volume as a result of motion when
using mechanical probes; however, this is not evident
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Figure 12 3D CE-US. Arterial phase 3D acquisition showing recurrent enhancing HCC in 3 orthogonal planes and the volume rendering analysis (left lower quadrant).

Figure 13 3D reconstruction of local recurrence geometry in the planning
for further ablation. A: With normal liver background; B: Without normal liver
background.

with the new electronic matrix probes largely due to the
latter higher speed of volumetric scanning. The presence
of native gas produced during the ablative process may
produce shadowing artifacts, which may lead to inaccurate
assessment of treatment response and calculation of
ablation zone dimensions. There is a significant learning
curve in the adoption of the new technique especially in
the manipulation of the orthogonal planes.

FUTURE

One can expect further improvement in the spatial and
temporal resolution of future 3D probes which would
further facilitate live CE-3DUS targeting of the liver
tumors in all three orthogonal planes simultaneously
and enable real-time evaluation of the RFA needle
electrodes alignment within the tumor volume on the
elevation plane. Tissue perfusion is one of the functional
parameters which can be used to assess tissue viability
and may be used to assess response to treatment as
well as a prognostic indicator. Whilst tissue perfusion
quantification can be assessed on CE 2D-US, it is only
valid if there is absolutely no movement during the data
acquisition. Perfusion assessment along one single plane
scan is also not representative of the whole tumor mass
perfusion. Cleatly 3D perfusion quantification is urgently
needed for accurate functional imaging which may
be incorporated into routine clinical practice through
parametric imaging.

CONCLUSION

CE-3DUS is useful in the radiofrequency ablation
(RFA) of liver tumors with improved detection
and display of occult lesions and recurrence, in the
assessment of lesional geometry and orientation for a
more accurate planning and guidance of multiple RFA
needles electrodes in large tumors and in the evaluation
of residual or recurrent disease within the immediate
and/or subsequent follow-up petiods.
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Abstract

AIM: To search for transcription dysregulation that
could (1) differentiate hepatocellular carcinoma (HCC)-
free from HCC-related cirrhosis (2) differentiate HCC-
free cirrhosis related to HCV from that related to
alcohol intake.

METHODS: Using microarray analysis, we compared
transcript levels in HCC-free cirrhosis (alcoholism: 7;
hepatitis C: 7), HCC-associated cirrhosis (alcoholism:
10; hepatitis C: 10) and eight control livers. The
identified transcripts were validated by qRT-PCR
in an independent cohort of 45 samples (20 HCC-
free cirrhosis; 15 HCC-associated cirrhosis and 10
control livers). We also confirmed our results by
immunohistochemistry.

RESULTS: In HCC-free livers, we identified 70

transcripts which differentiated between alcoholic-
related cirrhosis, HCV-related cirrhosis and control
livers. They mainly corresponded to down-regulation.
Dysregulation of Signal Transduction and Activator
of Transcription-3 (STAT-3) was found along with
related changes in STAT-3 targets which occurred in
an etiology-dependent fashion in HCC-free cirrhosis.
In contrast, in HCC, such transcription dysregulations
were not observed.

CONCLUSION: We report that transcriptional
dysregulations exist in HCC-free cirrhosis, are transiently
observed prior to detectable HCC onset and may be
appear like markers from cirrhosis to HCC transition.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most prominent,
primary liver cancer. Its main etiologies are viral
hepatitis B or C (HBV; HCV), alcoholism or aflatoxin
B1 intoxication, with both HCV and alcoholism
currently increasing in incidence in Western countries
and predominating as etiologies“’z]. In most instances,
HCC develops in the setting of chronic hepatitis and/or
cirrhosis”!. Cirrhosis is the end stage of a chronic
liver disease which results in regenerating nodules
surrounding by fibrous septa and, ultimately, may lead
to cancerous nodules. HCC has a poor prognosis but,
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apart from surgery, no major improvements in disease
therapies have been recently reportedm, most likely
because the heterogeneity of the disease and its various
ctiologies prevent any progress in our understanding of
HCC development and mechanisms'”.

Numerous genome-wide analyses of abnormal
gene expression in HCC as compared to normal,
control livers, have resulted in identification of gene
S part of which result

from underlying gene mutations and/or chromosome
[8°10]

sets with altered expression

alterations and account for a limited number of
altered pathwaysw’m. A few similar studies have been
done in HCC-free cirrhosis and they mostly considered
markers for a pre-HCC condition!”
pathwaysml, or mixed etiologiesm’m. In fact, the number
of comparative studies devoted to HCC etiology has

remained scarce, whether this was done in a clinical
15-19] ]

, or selected

, cell lines®™
[

setting[ or animal models with oncogene

21 . . . .
| In particular, the viral etiologies
d[17,18,20,22

overexpression
have been considere I whereas abnormal gene
expression in alcoholism-dependent HCC has received
very little attention. Therefore, the impact of etiology
721 We recently
reported that a number of genome-wide abnormalities
in alcoholism-associated »s HCV-associated HCC
are etiology-dependent and some of them are of

still remains an important issue

pathological relevance™. Remarkably, the abnormal
transcription levels that differentiate HCC nodules in an
alcoholism-dependent »s HCV-dependent fashion can
no longer discriminate between both etiologies when
transcripts are measured in the surrounding cirrhosis™".
Yet, any etiology-dependent abnormalities that could be
observed in HCC-free cirrhosis would be of interest. We
investigated whether some transcription dysregulations
could be found in HCC-free cirrhosis in an etiology-
dependent fashion. Furthermore, we searched and
found transcript dysregulations that differentiate HCC-
free cirrhosis from peritumoral cirrhosis. We now report
that such transcription dysregulations do exist in HCC-
free cirrhosis and are observed prior to detectable HCC
onset.

MATERIALS AND METHODS

Human subjects and tissue sampling

Non-alcoholic steatohepatitis, primary biliary cirrhosis
and infant biliary atresia were excluded from this study.
Chronic alcohol abuse was estimated as detailed”".
HBYV and HCV infections were serologically determined
in every patient and any HBV-positive patient was
excluded. Patients with an HCC-free or HCC-associated
cirrhosis were histologically diagnosed by trained
pathologists (AF, PBS). Liver fragments came to our
laboratory from the digestive surgery unit of Charles
Nicolle Hospital (Rouen, France) or the pathology unit
of Pellegrin Hospital (Bordeaux, France) under strict
anonymity. HCC-free, cirrhotic tissue was obtained from
transplanted patients. Peri-tumoral, cirrhotic tissue was
taken at a distance from HCC resection whenever the
latter was excised for curative purposes. Control, non-

cirrhotic human liver (CL) was obtained from patients
operated on for a benign liver tumor or metastasis of
a non-hepatic cancer. According to the current French
rules and ethical guidelines, neither informed consent
nor advice from an ethical committee were requested
prior to RNA analysis in tissues that would otherwise
be disposed of. Various clinical features in a total of 69
cirrhosis without HCC, (#» = 34) or with HCC (z = 35),
as well as in a set of 18 histologically normal CLs
are summarized in Table 1. A METAVIR score from
the combined extents of inflammation (A0-A3) and
fibrosis (FO-F4) were histologically diagnosed by trained
pathologists (AF, PBS).

Transcriptome analysis and quantitative reverse
transcription polymerase chain reaction (QRT-PCR)
RNA extraction from tissues stored at -80C was
done with Trizol. Our set of human cDNA probes
dubbed Liverpoo/ and tailored to a complete coverage
of the human liver transcriptome under healthy or
pathological conditions (ca. 10* genes), the associated
LiverTools database, as well as the procedures from array
preparation to data handling have all been detailed™".
In brief, every RNA sample was subjected to three
rounds of hybridization and the resulting signals were
normalized from the average signal of every spot
(mean grey) on the matching hybridization image. The
mean signal per transcript was used for selections of
significantly regulated transcripts. Probe re-sequencing
was done with an ABI3100 capillary sequencer
(Applied Biosystems, Foster City, USA). Real-time qRT-
PCRs of transcripts were done with a Light Cycler
(Roche Diagnostics, Manheim, Germany). Transcript
normalization was done with the 185 RINA. The primers
designed with the Primer3 software (http://frodo.wi.mit.
edu) are listed in a Table 2.

Data mining

Our raw data are deposited in the GEO repository
under accession number GSE10356. The TIGR
Multiexperiment viewer (Tmev version 2.2, http://www.
tm4.org) was used for (1) unsupervised hierarchical
clustering (UHC) using the Manhattan distance and
complete linkage options; (2) supervised analyses such
as the #test or ANOVA adjusted with Bonferroni’s
correction or K-nearest neighbour classification (IKNNC)
and (3) evaluation of sample re-assignment by a random
procedure (jackknife-10" iterations). Another, supervised
classification was done by Support Vector Machine
(SVM) (http://svm.sdsc.edu/). The Gene Ontology
Tree Machine (GOTM) program (http://bioinfo.
vanderbilt.edu/gotm/) was used to categorize protein
function(s) by ontology. Detailed protein functions were
retrieved with the SOURCE (http://genome-www5.
stanford.edu/cgi-bin/source/sourceSearch) and/or
OMIM (http://www.ncbi.nlm.nih.gov/sites/entrez)
tools. Protein networks were identified with Bibliosphere
(www.genomatix.de). Statistics were carried out with
the GraphPad Instat software, version 3 (http://www.
graphpad.com/).
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Patient' Number  Male/Female Age® Pathology® Etiology* Metavir’

A0 Al A2 A3
Al to A7 7 3/4 484 +3.2 CIR ALC 0 4 1 2
A15to A24 10 7/3 504+75 CIR ALC 0 8 2 0
PA1 to PA10 10 8/2 67.1+£8.0 CIR + HCC ALC 2 5 3 0
PA21 to PA29 9 9/0 609 +8.2 CIR + HCC ALC 1 7 1 0
V8 to V14 7 6/1 574+ 89 CIR HCV 0 2 4 1
V25 to V34 10 5Y5) 55.7 £16.0 CIR HCV 0 5 3 2
PV11 to PV20 10 6/4 71.5+£5.1 CIR + HCC HCV 0 1 6 3
PV30 to PV35 6 2/4 66.2£9.5 CIR + HCC HCV 0 1 3 2
CL1 to CL8 8 8715 59.9 £15.9 No CIR, no HCC® - 7 1 0 0
CL9 to CL18 10 2/8 49.5+14.0 No CIR, no HCC® - 9 1 0 0

"HCC-free alcoholic cirrhosis; PA: Peritumoral alcoholic cirrhosis; V: HCC-free HCV cirrhosis; PV: Peritumoral HCV cirrhosis; CL: Control without any
detectable fibrosis. Underlined samples were studied by microarray and qRT-PCR; No underlining, independent cohort of samples studied by qRT-PCR
only. ’mean * SD. *CIR: Cirrhosis; CIR + HCC: Peritumoral cirrhosis. *HCV: Hepatitis C virus infection; ALC: Alcoholism; --: None. °From left to right,
number of patients with a given score of inflammation A0-A3. Difference in METAVIR score in HCC-free cirrhosis between all V vs A patients, P = 0.17 (Mann
and Whitney’s test); In peritumoral cirrhosis between all PV vs PA patients, P = 0.005. “Histologically normal liver sampled at a distance from a benign liver

tumor or from a metastasis of non-hepatic cancer.

Oligonucleotides Forward Reverse Amplicon size (bp)
ACSM2 AAATCCCGACAAGACAGCAG CTGATCACAGCCGTCTCAAC 201
GSTA1/2 TCTGCAGAAGATTTGGACAAG TCAATCAGGGCTCTCTCCTT 170
ADH4 GTCTGCTTGGATGTGGGTTT TGATTCTGGAAGCTCCTGCT 150
HSCARG GAAACTGGTGGTGGTTTTCG CATCTTGGTCTCCCTGCACT 170
AHNAK CAAAGGGAAACACACCGACT GCTCTCAGCAGTCAATGCAA 207
HSD17B6 TCTGGGGACTGGTGAACAAT GTGCTCTCCTCACCAAAGGA 150
APOH CCGAGGAGGGATGAGAAAGT AGAATCAGCGCCATTCAGAT 193
IFI127 CCAAGCTTAAGACGGTGAGG AAAACTACGGCAGAGCCAGA 196
ARID1A CTACGCTGCCACGTGTGTAT GTACAGCATCGCACCAAGAG 187
MTI1G TCCTGCAAGTGCAAAGAGTG ACTTCTCCGATGCCCCTTT 118
ARL2BP AGGATGAAGTGGCTGGTGAC GGAAGCTGGCAGAGAAGATG 170
ORM?2 TTATATCGCATCGGCCTTTC CCGCTGGACATTCAGGTAAC 172
ATP5G2 TTGTCTCCACTCCCTCCTTG TGTGTCGATGTCCCTTGAAA 191
PLG GTAGGTGGTCCCTGGTGCTA CCTACAACCCTTCCAGGACA 137
CYP3A4 CTTTGGAAGTGGACCCAGAA CGGGTTTTTCTGGTTGAAGA 164
STAT3 CCCCATACCTGAAGACCAAG CTCCGAGGTCAACTCCATGT 185
CYP2E1 TCAAGCCATTTTCCACAGGA CGATATCCTTTGGGTCAACGA 129
TIMP1 AATTCCGACCTCGTCATCAG GTTGTGGGACCTGTGGAAGT 195
DPF2 CTCCTGGCTCACTCTTACGG AAGGGGATTTTGGAGGTAGG 211
18S GTGGAGCGATTTGTCTGGTT CGCTGAGCCAGTCAGTGTAG 200
DPM1 GCAGTCCACGACAGAACAAA CATCTGGGCTTCCATCATCT 150
Immunohistochemistry microscope equipped with a camera. The number of

D4 zinc and double PHD fingers family 2 (DPF2) and
plasminogen (PLG) protein levels were assessed in
formaldehyde-fixed, paraffin-embedded, 5 mm thick
liver section samples giving a total of 40 other cirrhosis
without or with HCC (10 alcoholic and 10 HCV in
each group), as well as a set of 10 other histologically
normal CLs. This assessment was effected by
immunohistochemistry using the ultraView " Universal
DAB Detection Kit following the manufacturers
instructions (Ventana Medical systems) with mouse anti-
DPF2 IgGs (Abnova corporation) at 1 ug/mL or mouse
ant-PLG IgGs (Interchim) at 38 ug/mL.

The percentage of positive cells was evaluated on
the whole surface of the histological section and the
staining intensity was estimated. Two scores from 0 to 4
were given as two independent visual scores by a trained
pathologist and were evaluated using a LEICA DMR

positive cells or P score was: 0, no positivity; 1, < 25%;
2, 25%-50%; 3, 50%-75% and 4, > 75%-100%. The
determination of immunostaining intensity or [ score
was: 0, no staining; 1, very weak staining only seen
at magnification X 10; 2, staining obviously seen
at magnification X 10; 3, moderate staining seen
at magnification X 2.5; 4, strong staining seen at
magnification X 2.5. The IP score was obtained from the
additional combination of the two parameters I + P.

RESULTS

Different transcriptome alterations in HCC-free or
peritumoral cirrhosis vs CLs

First, with microarray data from 14 HCC-free
cirrhosis samples (A1-A7, V8-V14) and eight
CLs (CL1-CL8), we identified 30 transcripts

www.wjgnet.com



Caillot F et a/. Altered transcript levels in cirrhosis

303

Figure 1 Clustering of cirrhosis from comparisons of transcript levels
vs Cls. Every transcript level expressed as a [level per patient/median level in
CLs] was measured by microarray. The samples are shown as a dendrogram
on top and the transcripts are listed vertically. Bottom scale bar (log2 scale):
decreased (green), increased (red) or unchanged (black) transcript level. A:
UHC was made in 14 HCC-free cirrhosis samples and 8 CLs, from 30 transcript
levels first identified as cirrhosis markers in an HCC-free context. B: UHC was
made with 20 peritumoral cirrhosis samples and 8 CLs, from 3 transcript levels
identified as cirrhosis markers in an HCC context.

whose levels differed between [A + V] cirrhosis
»s CLs (#test adjusted by Bonferroni’s cotrection,
P < 0.05, Figure 1A). In contrast, similar data from
20 peritumoral cirrhosis samples (PA1-PA10, PV11-
PV20) and ecight CLs identified only three transcripts,
but they did not distinguish [PA-PV] from CLs
(#-test adjusted by Bonferroni’s correction, P < 0.05,
Figure 1B). This HCC-dependent difference in
transcript number was significant (30 »s 3, Fisher’s
test, P < 0.0001). Furthermore, the expression levels
of the 30 transcripts, which distinguished HCC-free
cirrhosis, from CLs, did not distinguish [PA-PV] from
CLs (data not shown). Thus, we identified transcripts
which were dysregulated in HCC-free cirrhosis but not
in peritumoral cirrhosis.

Different transcriptome alterations in alcoholic- vs HCV
cirrhosis vs CLs

Next, the comparison of transcript levels in alcoholic
HCC-free cirrhosis »s CLs identified 10 dysregulated
transcripts (~test adjusted by Bonferroni’s correction,
P < 0.05). Likewise, we identified 49 dysregulated

Samples® Tool'

UHC (%) SVM (%) KNNC (%)
A1-A7 + A15-A24 65’ 100 100
V8-V14 + V25-V34 71 80 70
CL1-CL18 100 70 80
All test samples 79 83 83

"Unsupervised hierarchical clustering (UHC) was done with 52 cirrhotic or
CL samples. Supervised training/testing procedures (KNNC; SVM) were
each done by first separating these 52 samples into 22 training (A1-A7,
V8-V14 and CL1-CL8) and 30 test samples (A15-A24, V25-V34 and CL9-
CL18). *20 transcript levels were measured in total RNA from every
sample by qRT-PCR. These transcripts had the most significant difference
in levels (Bonferroni-corrected ANOVA, P < 0.05) between alcoholism
vs HCV vs CLs (ACSM2, ADH4, AHNAK, APOH, ARID1A, ARL2BP,
ATP5G2, CYP2E1, CYP3A4, DPF2, DPM1, GSTA 1-2, HSCARG, HSD17B6,
IF127, MT1G, ORM2, PLG, STAT3, TIMP1). 3% of properly classified test
samples.

transcripts in HCV HCC-free cirrhosis #s CLs. We also
found 33 transcripts that were differentially expressed
when directly comparing alcoholic »s HCV HCC-free
cirrhosis. Overall, we obtained a non-redundant list
of 70 transcripts whose levels were able to completely
distinguish between the three groups by UHC: alcoholic,
HCV HCC-free cirrhosis and CLs (Figure 2A). This
was supported by a jackknife procedure (100% success).
In contrast, in HCC five transcripts failed to properly
distinguish between these three groups (#test adjusted
by Bonferroni’s correction, P < 0.05, Figure 2B). This
HCC-related difference was significant (70 #s 5, Fisher’s
test, P < 0.0001). Furthermore, the expression levels of
these 70 transcripts, which separated alcoholic, HCV and
CLs in an HCC-free context, did not distinguish between
them in an HCC context (data not shown).

From our list of 70 transcripts obtained from our
microarray data, we measured by real-time qRT-PCR
the 20 most discriminant transcripts (as listed in Table 3,
footnote 2) which were differentially expressed according
to etiology. Using both the 22 training samples (A1-A7,
V8-V14 and CL1-CLS8) and 30 further independent test
samples (A15-A24, V25-V34 and CL9-CL18) in order
to classify HCC-free cirrhosis by unsupervised (UHC)
or supervised training/testing procedures (KNNC
and SVM),we found that these 20 transcripts resulted
in a classification accuracy of 79%-83% test samples

(Table 3).

Most transcriptome alterations in HCC-free cirrhosis are
a transient event

The abnormalities in transcript levels seen in HCC-free
cirrhosis, but not in peritumoral cirrhosis, were further
evaluated timewise. As shown in Figure 3A (upper left
star) the expression levels in CLs (# = 18), HCC-free
cirthosis (# = 34) and peritumoral cirrhosis (7 = 35) were
measured by qRT-PCR. When comparing the above 20
transcript levels between HCC-free »s Cls, their mean
level in HCC-free cirrhosis was up-regulated (TIMP1),
unchanged (3/20 transcripts, 15%, DPF2, IF127, STAT3),
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Figure 2 Clustering of cirrhosis samples from transcript levels. Every
transcript was measured by microarray and expressed as a [level per patient/
median level in CLs]. The samples are shown as a dendrogram on top and the
transcripts are listed vertically. Bottom scale bar (log2 scale): decreased (green),
increased (red) or unchanged (black) transcript level. A: UHC was made in 14
HCC-free cirrhosis samples and eight CLs, from 70 altered transcript levels first
identified as markers of HCC-free cirrhosis. A or V, alcoholism-related or HCV-
related etiology B: UHC was made in 20 HCC-associated cirrhosis samples and
eight CLs, from five transcript levels identified by t-test adjusted by Bonferroni's
correction. PA or PV, perinodular cirrhosis, with an alcoholism-related or HCV-
related etiology, respectively.

or mostly down-regulated (16/20, 80%). In contrast,
this down-regulation was not found when cirrhosis was
associated with HCC. Indeed, in peri-tumoral cirrhosis
a significant return to the CL level or even an up-
regulation was observed (Figure 3A, upper right star).
Moreovet, as shown in Figure 3B, 9/20 (45%) transcript
levels further displayed etiology-dependent differences
found (1) only in HCC-free cirrhosis (alcoholism »s
HCV, lower left star, 6/9 transcripts, 66%), ot (2) only
in peritumoral cirrhosis (lower right star, 2/9 transcripts,
22%, ARID1A, ORM2), or (3) in both (IF127). Overall,
these transcript dysregulations were mostly seen in HCC-
free cirrhosis, often resulted from a transient down-
regulation, and half of them were etiology-dependent in
agreement with the initial selection.

Semi-quantitative immunodetection of DPF2 and PLG in
liver samples

Among the nine genes mentioned above which displayed
ctiology-dependent differences, DPF2 and PLG, whose
antibodies were marketed for immunohistochemistry
use, were selected. We quantified their protein levels in
a total of 40 other cirrhosis without or with HCC (10
alcoholic and 10 HCV in each group), as well as in a set
of 10 other histologically normal CLs.

The DPF2 protein level was significantly higher
in HCC-free cirrhosis, and then decreased in HCC-
associated citrhosis to return to a level similar to that
observed in CLs, but this level regulation was mild (data
not shown).

The PLG protein level was also significantly different
in CLs, HCC-free and HCC-associated cirrhosis. Indeed,
the PLG level was significantly lower in HCC-free
cirrhosis as compared to that observed in CLs and then
increased in HCC-associated cirrhosis to return to a
level quite similar to that observed in CLs (Figure 4A).
The immunohistochemical pattern for CLs with a strong
hepatocellular staining was shown in Figure 4D). The
PLG protein level also displayed etiology-dependent
differences. Indeed, the decrease of the staining was
significantly higher in HCC-free HCV cirrhosis (Figure 4E)
than in HCC-free alcoholic cirrhosis (Figure 4B) and in
HCC-associated cirrhosis the increase with a return to
the baseline was the same whatever the etiology (HCV or
alcohol) (Figure 4C and F). Thus, the PLG protein level
confirmed our results obtained at the transcriptional level.

Functional differences in HCC-free vs peritumoral
cirrhosis

We first investigated whether transcript variations
could point to functional dysregulation in HCC-free
cirrhosis. By comparing our list of 70 transcripts and
our Liverpoo/, a different frequency of dysregulated
transcripts in eight functional subsets was found
(detailed as a Table 4): (1) cell proliferation (P = 0.01);
(2) regulation of cell migration (P = 0.009); (3) blood
vessel development (P = 0.007); (4) lipid metabolism
(P = 0.007); (5) antigen processing and presentation
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Figure 4 PLG protein expression in control liver, HCC-free and HCC-associated cirrhosis. The PLG protein levels were determined by immunohistochemistry
(magnification x 20). A: Every protein level (IP score) per cirrhosis type is expressed on the ordinate. The mean value of protein level is shown as an horizontal bar.
The samples abbreviations are the same as for Figure 3. Significant differences between A and PA (°P < 0.05), between V and PV (°P < 0.05), between A and V
(°P < 0.05). B-F: PLG immunostaining of hepatic sections corresponding to alcoholic HCC-free cirrhosis (B), alcoholic HCC-associated cirrhosis (C), control liver (D),
HCV-related HCC-free cirrhosis (E) and HCV-related HCC-associated cirrhosis (F).

Table 4 Over-representation of functional subsets in our list of 70 transcripts

Cell proliferation' Regulation of  Blood vessel  Lipid metabolism Antigen processing Acute inflammatory NADH Oxidoreductase
O=7 cell migration  development O=9; and presentation response (O = 4; dehydrogenase activity
E = 2.66; O =2; O =3; E = 3.55; (0 =3; E = 0.58; activity (O = 3; (O =3;
P =0.01%) E = 0.15; E = 0.41; P = 0.007) E = 0.25; P = 0.002) E = 0.36; E = 0.25;
P =0.009) P =0.007) P = 0.001) P = 0.005) P = 0.001)
JAG1 JAG1 JAG1 CLU HLA-A CLU NDUFA6 CYP2E1
(Hs.590881°) (Hs590881)  (Hs.590881) (Hs.436657) (Hs.181224) (Hs.436657) (Hs.274416) (Hs.12907)
IGFBP7 PLG PLG CYP2J2 HLA-B ORM1 NDUFB10 CYP2J2
(Hs.479808) (Hs.143436) (Hs.143436) (Hs.152096) (Hs.77961) (Hs. 567311) (Hs.513266) (Hs.152096)
IL12RB2 CUL7 CYP3A4 CD74 ORM2 NDUFS4 CYP3A4
(Hs.479347) (Hs.520136) (Hs.567254) (Hs.591258) (Hs.522356) (Hs.528222) (Hs.567254)
PLG HMGCS2 STAT3
(Hs.143436) (Hs.59889) (Hs.463059)
TIMP1 APOB
(Hs.522632) (Hs.120759)
ARHGEF1 HSD17B6
(Hs.438429) (Hs.524513)
CD74 DPM1
(Hs.591258) (Hs.301898)
LARGE
(Hs.474667)
CD74
(Hs.591258)

'This transcript subset coding for proteins with a related function was identified by gene ontology with the GOTM tool; *Significance of enrichment for the
GO category between transcript number observed (O) and expected (E) in this cate gory; *Hs. number: Unique transcript identifier.

(P = 0.001); (6) acute inflammatory response (P = 0.002);
(7) NADH dehydrogenase activity (P = 0.005) and (8)
oxidoreductase activity (P = 0.001).

Within our set of 70 transcripts, 23 transcripts with
available information from Bibliosphere exhibited an
etiology-associated level variation in HCC-free cirrhosis
(Figure 5), but not in peritumoral cirrhosis (data not
shown). This resulted from a variable extent of down-

regulation (17/23 transcripts, 74%) in a single etiology
or both. In turn, this down-regulation resulted, at least
partly, from variable, etiology-dependent regulation of
STAT-3 and its target genes (lower right area of Figure 5).

DISCUSSION

Our search first focused on the significance of
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Figure 5 Networks of etiology-independent or dependent transcript regulations in HCC-free cirrhosis. From 70 transcripts with a significantly different
expression between alcoholic-associated vs HCV-associated cirrhosis vs CLs (P < 0.05, as in Figure 3), 23 transcripts (boxes) associated with different pathways
were identified in Bibliosphere. In a context of HCC-free cirrhosis, etiology-specific arrows (alcoholism, blue; HCV, red) above the transcript indicates the direction
of regulation: upward, downward or horizontal arrow: up-regulation, down-regulation or unchanged regulation. For a transcript with an up- (down-) regulation in both

etiologies, the highest (lowest) arrow indicates the most marked dysregulation.

dysregulations found in HCC-free cirrhosis. We
investigated the influence of an HCC-free ss peritumoral
environment of cirrhosis and we searched for early
markers of HCC onset. The ideal study design would
be to compare cirrhosis that develops into HCC and
cirrhosis that does not develop into HCC in the follow-
up of the disease, but such samples were very scarce
because the follow-up among cirrhotic patients would
be extremely long and difficult. So, we compared HCC-
free and HCC-associated cirthosis and we used a
stringent selection of informative transcripts because
sharp, timewise variations of potential markers of
HCC occurrence were to be identified. We have shown
that transcription dysregulation does exist in HCC-
free cirrthosis. This is observed before any histologically
detectable HCC nodule is seen, and hence supports
the “field cancerization” model. Specifically, from
our GOTM results, it seems plausible that malignant
transformation of cirrhosis could be favored by
abnormal expression of factors regulating cell migration,
cell proliferation and blood vessel development. These
dysregulations in cirrhosis mainly correspond to down-
regulations, and they usually re-normalize or are even
up-regulated in peritumoral cirrhosis. It remains to
be determined how such transient down-regulations,
which have been as yet unreported, contribute to HCC
initiation.

We next carried out a similar search, further
integrating alcoholism and HCV etiologies. A few,
etiology-dependent markers for a high ss low risk of

HCC development have been previously identified by
others, but they relied on an unproven assignment of
alcoholism or HCV patients to either risk group and
they could not predict HCC occurrence in a timewise
fashion?. We had previously reported that abnormalities
of some transcript levels are observed to a different
extent in HCC developed on alcoholic-associated
cirrhosis »s HCV-associated cirrhosis, whereas they
remain similar in peritumoral cirrhosis, thus indicating
that these abnormalities are etiology-related in HCC
tumors onlym]. In the same way, in the present study, we
found transcript dysregulation only in HCC-free cirrhosis
and not in peritumoral cirrhosis. We now document
that histochemical evaluation of the PLG protein level
confirms our results obtained at the transcriptional level.
In contrast, for DPF2, dysregulation observed at both
transcript and protein levels were in opposite directions,
but discrepancies between transcript levels and protein
levels have been previously noticed®””. As markers of
HCC occurrence are still very scarce™. our observation
on transcripts and proteins is of strong interest in eatly
HCC diagnosis. This will need to be further evaluated in
HCC-free/cirrhosis-free, fibrotic livers, with selection of
marker combinations.

Some up- or down-regulations of transcription
factors in HCC have already been documented™, but
the facts that dysregulation of STAT-3 and a related
gene network take place in HCC-free cirrhosis, and in
an etiology-dependent fashion, are novel findings. The
JAK-STAT pathway is critical in the proinflammatory
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cytokine-driven inflammatory response provided by
hepatocytesm] and it is tempting to speculate that
a weakening of this defense in eatly cirrhosis may
participate in HCC development. However, this
mechanism appears unlikely. Indeed, our data were
obtained by comparison of alcoholic »s HCV cirrhosis
samples whose extent of inflammation was similar and
still had different STAT-3 regulation. The HCV has a
clear effect on the activity of STAT-3, but the meaning
of this is controversial. Some studies show inhibition
of STAT-3 activity” while others show activation of
STAT-3"**. Our data are in keeping with documented
HCV proteins/STAT-3 interferences and STAT-3
activation in HCV-induced liver disease. STAT-3 directly
affects cell proliferation, cell differentiation” and
angiogenesisml. Moreover, STAT-3 and its targets are
regulated in some cancers, such as breast and prostate
cancer. Thus, the dysregulation of the STAT-3
pathway which follows HCV infection may participate
in HCC development at an early stage of hepatocyte
dysplasia. In addition, recent reports have highlighted the
potential of STAT-3 as a therapeutic target in different
neoplasms[36’37]

In conclusion, our data point to major transcription
dystegulations in HCC-free cirrhosis. These dystregulations
often result from a transient dysregulation, and half
are etiology-dependent. Our observations open new
avenues for the follow-up of HCC-free cirrhosis because
dysregulated transctipts or proteins may be appear like
markers for the cirrhosis to HCC transition. In order to
complement these results, studies performed at an earlier
state before cirrhosis, i.e. on fibrosis samples are now
under investigation.
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Background

Chronic viral hepatitis C (HCV) infection and alcoholism are two important
causes of cirrhosis and hepatocellular carcinoma (HCC). Liver transcriptome
analysis has resulted in the identification of genes with an aberrant expression
according to different pathophysiological states. In the present work, we
investigated whether some transcription dysregulations could be found in HCC-
free cirrhosis in an etiology-dependent fashion. Furthermore, we searched and
found transcription dysregulations that differentiate HCC-free cirrhosis from
peritumoral cirrhosis.

Research frontiers

Numerous, genome-wide analyses of abnormal gene expression in HCC as
compared to normal, control liver, have resulted in identification of gene sets
with altered expression. Few similar studies have been done in HCC-free
cirrhosis. In fact, viral etiologies have often been considered whereas abnormal
gene expression in alcoholism-dependent HCC has received very little
attention. Therefore, the impact of etiology still remains an important issue. We
recently reported that a number of genome-wide abnormalities in alcoholism-
associated vs HCV-associated HCC are etiology-dependent and some of them
are of pathological relevance. Remarkably, the abnormal transcript levels that

differentiate HCC nodules in an alcoholism-dependent vs HCV-dependent
HCC can no longer discriminate between the two etiologies when transcripts
are measured in the surrounding cirrhosis. Yet, any etiology-dependent
abnormalities that could be observed in HCC-free cirrhosis would be of interest.

Applications

These data point to major transient transcription dysregulations in HCC-free
cirrhosis. These observations open new avenues for the follow-up of HCC-
free cirrhosis because dysregulated transcripts or proteins may be appear like
markers for the cirrhosis to HCC transition.

Peer review

The aims of the study were to identify genes that were differentially expressed
between HCC-free and HCC-related cirrhosis. The differentially expressed
genes were further investigated to see if they were associated with alcoholism
and HCV etiologies. The authors suggested that genes that were deregulated
in HCC-free cirrhosis might serve as markers for the cirrhosis to HCC transition.
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Abstract

AIM: To determine the cytological and molecular
effects of peroxisome proliferation-activated receptor
(PPAR)-y and PPAR-y agonists on stomach cancer cells.

METHODS: To determine the proliferation-suppressive
effects of troglitazone and ciglitazone, SNU-216 and
SNU-668 stomach cancer cells were plated in media
containing 40 umol/L troglitazone and ciglitazone at
a density of 1 x 10* cells/well. After 3, 5 and 7 d, the
cells were counted with a hemocytometer. To assess
the appearance of PPAR-y, a reverse-transcription
polymerase chain reaction analysis was performed.
On day 7, Western blotting was used to determine
the effects of troglitazone and ciglitazone on the
expression of p27 and phosphorylated-ERK (p£ERK)
genes. Flow cytometry analysis was used to determine
which portion of the cell cycle was delayed when
troglitazone was used to suppress cell proliferation. In
order to clarify the mechanism underlying the activity
of troglitazone, microarray analysis was conducted.

RESULTS: PPAR-y was manifested in both SNU-216
and SNU-668 cells. Ciglitazone and troglitazone
suppressed cell growth, and troglitazone was a
stronger suppressor of stomach cancer cells than
ciglitazone, an inducer of cell cycle arrest in the G1
phase. SNU-668 cells were also determined to be
more sensitive to ciglitazone and troglitazone than
SNU-216 cells. When troglitazone and ciglitazone were

administered to stomach cancer cells, levels of p21
expression were increased, but ERK phosphorylation
levels were reduced. When GW9662, an antagonist
of PPAR-y, was applied in conjunction with ciglitazone
and troglitazone, the cell growth suppression effect
was unaffected. The gene transcription program
revealed a variety of alterations as the consequence
of troglitazone treatment, and multiple troglitazone-
associated pathways were detected. The genes whose
expression was increased by troglitazone treatment
were associated with cell development, differentiation,
signal transmission between cells, and cell adhesion,
and were also associated with reductions in cell
proliferation, the cell cycle, nuclear metabolism, and
phosphorylation.

CONCLUSION: Troglitazone and ciglitazone suppress
the proliferation of stomach cancer cells via a PPAR-y-
independent pathway.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The peroxisome proliferator-activated receptors (PPARs)
are members of the family of nuclear receptors'’, which
themselves constitute a group in the steroid/thyroid
hormone/retinoid receptor superfamily. Their action
mechanisms induce the formation of a heterodimer
after PPAR unites with its ligand and retinoid X receptor
(RXR) in the nucleus, which subsequently activates
the manifestation of genetic DNA by working on the
transcription factors of promoter sites. Thus far, three
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subtypes, a, B/8, and y, have been identified, and an
increasing quantity of research into PPAR-y has been
conducted since the initial detection of the composed
ligandm. According to the research conducted over the
last 10 years, PPAR-y has been associated with novel
functions in cell division and differentiation, functions
crucial to inflammation, tissue resuscitation, vascular
biology, cancer formation, and apoptosism. As a result
of these functions, the PPARs have been implicated
as a treatment factor for diabetes mellitus, metabolic
syndrome, atherosclerosis, and certain types of
cancer™. PPAR-y has been detected in a broad variety
of cancers, including colon, breast, lung and prostate
cancer. Ligands of PPAR-y have been demonstrated to
suppress the propagation of these cancers iz vitro™®.
The results of this study suggest that many human
malignant cancers may eventually be cured using PPAR-y
ligands. One well-known category of ligands is the
thiazolidinediones (TZDs), which includes rosiglitazone,
troglitazone, ciglitazone and 15-deoxy-prostaglandin-]2
(15d-PGJ2)".

Stomach cancer is one of the most common cancers
wotldwide. The condition is not so common in America
and Europe, but is relatively common in Asia, and
specifically in South Korea. A great many drugs already
exist for treatment of stomach cancer, and these have
already brought great improvements in survival rates and
quality of life. However, there is currently no standard
protocol by which personal sensitivity or resistance to
treatment can be predicted. Lu 7 al'" has previously
reported that troglitazone suppresses stomach cancer
via the activation of PPAR-y, and in another study, it
has been reported that stomach cancer is suppressed by
PPAR-y-ligand-mediated apoptosism.

The PPAR-y ligand has two different pathways,
one of which is PPAR-y-dependent, and one PPAR-
y—independent“o’lzflgj. The relationship between the
independent pathway and stomach cancer has been
confirmed, for example, by the finding that the
15d-PG]J2-induced suppression of colon cancer cells can
be achieved »ia the manifestation of Kruppel-like factor
4 (KLF4)",

The principal objective of the present study was to
determine the mechanism underlying the activity of
PPAR-y. After we confirmed the activation of PPAR-y
in two types of stomach cancer cells and administration
of ciglitazone and troglitazone, both of which induce
PPAR-y activation, we were able to make an observation
about cell proliferation, confirm the effects of PPAR-y
suppressors, and clarify any genetic alterations sz the use
of cDNA microarrays.

MATERIALS AND METHODS

Materials

We utilized troglitazone, ciglitazone, GW9662, propidium
iodide, and dimethyl sulfoxide (DMSO) obtained from
Sigma Co. (St. Louis, MO, USA), RPMI 1640, fetal
bovine serum (FBS), 0.05% trypsin/0.02% EDTA,
penicillin/streptomycin from Invitrogen Co. (Grand

Island, NY, USA) and total-ERK, phosphorylated-
ERK, and p21 antibody from Cell Signaling Technology
Co. (Beverly, MA, USA). Troglitazone and ciglitazone
solution was added at a concentration of 40 umol/L
per well. When adding the materials, we utilized DMSO
solution and ensured identical conditions and DMSO
concentration between the control and experimental

groups.

Cultivation of cell strains

The SNU-216 and SNU-668 stomach cancer cell
strains were obtained from the Korean Cell Bank
(Seoul National University Hospital, Cancer Institute,
Seoul, Korea) and were used as cultured. Cell culture
was carried out at 37°C in an atmosphere of 5% CO:z
in RPMI 1640 medium supplemented with 10% FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin.

Measurement of vegetative function

In order to determine the proliferation-suppressive
effects of troglitazone and ciglitazone, after washing
a growth phase cell strain, we separated cells with
0.05% trypsin/0.02% EDTA. These cells were mixed
thoroughly and cultured for 24 h in six-well plates at
a concentration of 1 X 10" cells/well. We verified the
attachment of the cells to the plates, and then added 40
umol/L troglitazone and ciglitazone to each 10% FBS
medium. After 3, 5 and 7 d, we separated the proliferated
cells with 0.05% trypsin/0.02% EDTA. These cells were
counted with a hemocytometer and compared with the
control group to assess the suppressive effects on cell
growth.

Reverse-transcriptase polymerase chain reaction (RT-
PCR)
After washing the cultured cells with Hank’s Buffered (or
Balanced) Salt Solution (HBSS), we briefly mixed them
with TRI Reagent (Sigma) and maintained them for
15 min at 4°C. We then mixed them one additional
time with 200 uL chloroform and maintained them
for an additional 5 min at 4°C. We then subjected the
samples to centrifugation at a rate of 12000 rpm at 4°C,
transferred the upper layer to a new tube and added an
equal volume of isopropanol. This tube was maintained
for 5 min at 4°C, and then centrifuged. The samples
were dried and dissolved in diethylpyrocarbonate
(DEPC)/distilled water, after washing the centrifuged
pellets with DEPC/70% ethanol. The RNA was
quantitated after determining the optical density at
260 nm, after which the reverse transcription reaction
was conducted. Distilled water was added and settled
with buffer (Promega, MO, USA) with 20 umol/L
dNTP, 0.25 pg oligo (dT) 15 primer, 5 U Avian
Myoblastosis Virus (Promega), reverse transcriptase
(Promega) and 2 pg RNA and DEPC. We established
the total quantity at 20 pL. and the reaction was
performed for 60 min at 42°C.

We used an AccuPower PCR Premix (BIONEER,
Seoul, Korea) kit. After the reverse transcription reaction

was finished, we added 1 pL. RT product and 10 pmol
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sense and antisense primers into the tube provided in SNU-216 SNU-668
the kit. We established the total volume at 20 pL with Con Cig Tro Con Cig Tro

distilled water and initiated the PCR.

Western blot analysis

After washing the cultured cells in HBSS, the cells
were lysed in lysis buffer and then placed on ice for
30 min. The protein was extracted by centrifuging
this solution. We then added 4 X loading buffer to
the protein standard marker and to each protein
(5 pg/pL), and then denatured them for 7 min at 95°C.
Electrophoresis was conducted for 2 h at 100 V on 4%
and 10% SDS-polyacrylamide gels. After electrophoresis,
we placed the gel in transfer buffer (25 mmol/L Tris,
192 mmol/L glycine, 20% methanol) for 15 min, and
then transferred it to nitrocellulose (NC) membrane for
1 h at 20 V. In order to prevent non-specific antibody
binding, we placed the NC membrane in blocking
solution, 5% non-fat milk dissolved in Tris-buffered
saline (TBS), and incubated the reactions with slight
shaking. We then placed them into prepared primary
antibody diluted 1/1000 with TBS/Tween buffer (IBS
buffer with 0.02% Tween 20) including 5% non-fat milk,
and then added it to the NC membranes overnight at
4°C. The samples were washed three times for 10 min
each. We diluted the secondary antibody, anti-rabbit IgG
in 5% non-fat milk to dilute it 1/1000, immersed the
NC membrane in this solution with shaking for 90 min,
and then washed the samples three times with TBS/
Tween buffer for 10 min each. We subjected the NC
membranes to enhance chemiluminescence (Amersham,
Buckinghamshire, UK) for 5 min, exposed them to light
for 10 min in a darkroom, and then detected the signals
on the films. After visual certification of the luminosity
and intensity of the bands, we quantified the intensity of
the bands using a Gel Image Analysis System (UVlItec,
Cambridge, UK).

Cell cycle analysis via flow cytometry

We conducted flow cytometry analysis to determine
which portion of the cell cycle was delayed when we
used troglitazone to suppress the proliferation of
SNU-216 and SNU-668 cells. Cultured SNU-216 and
SNU-668 cell strains were washed in HBSS. We then
added 40 ;,Lmol/L troglitazone, and fixed the cultures
for 30 min with 70% ethanol at 4°C. After fixation, we
degraded the RNA with RNase A (Sigma) and dyed
the DNA with propidium iodide in order to prepare
intercalated DNA. The cell cycles were compared and
analyzed using a Becton-Dickinson FACStar Flow
Cytometer and Becton-Dickinson Cell Fit Software
(Becton-Dickinson, Erenbode, Belgium).

Illlumina microarray

Microarray analysis was conducted using an Illumina
BeadStation 500 X manual system, obtained from
Microgen Co. (Seoul, Korea). We prepared the
biotinylated cRNA with an Illumina Amplification Kit

Figure 1 PPAR-y expression was confirmed by RT-PCR in human gastric
cancer cell lines (SNU-216 and SNU-668) treated with troglitazone (Tro) or
ciglitazone (Cig) and the B-actin control (Con) is shown in the bottom panel.

(Ambion, CA, USA), and refined it with an RNeasy Kit
(Qiagen, CA, USA). Hybridization was conducted with
a Sentrix HumanRef-8 Expression BeadChip system
(Illumina, CA USA), which included approximately
24000 probes, and conducted lavation in accordance
with the manufactures instructions, followed by scanning
with a confocal laser scanner (Nikon Precision Korea,
Yong-In, Korea). We then conducted statistical analysis
using Avadis Prophetic software, version 3.3 (Strand
Genomics, Bangalore, India).

Statistical analysis

One-way analysis of variance and Fisher’s LSD test were
used to compare statistical differences between each
group, and a P value < 0.05 was considered significant
for all statistical analyses.

RESULTS

The manifestation of PPAR in SNU-216 and SNU-668
stomach cancer cells

As a result of the manifestation of PPAR-y in stomach
cancer cells SNU-216 and SNU-668 using RT-PCR, both
cells were confirmed to be positive, and no significant
differences were detected (Figure 1). Additionally,
the difference in the degree of manifestations was
not significantly different when troglitazone and
ciglitazone wete applied at 40 umol/L for 7 d, and the
manifestations of PPAR-y were assessed »ia RT-PCR

(Figure 1).

Changes in cell morphology by settlement of
troglitazone and ciglitazone

We observed cell morphology after exposing SNU-216
and SNU-668 cells to 40 pmol/L troglitazone and
ciglitazone for 7 d. The SNU-216 cells showed no
significant morphological changes after treatment with
the two compounds. On the contrary, the SNU-668
cells demonstrated morphological changes after 2 d
troglitazone, but not ciglitazone, treatment; the cells
were lengthened at both ends, and assumed a spindle-
type morphology (Figure 2).

Troglitazone- and ciglitazone-induced inhibition of
SNU-216 and SNU-668 cell proliferation

In order to assess the suppressive effects of troglitazone
and ciglitazone on the proliferation of SNU-216 and
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Figure 3 Growth inhibition by troglitazone or ciglitazone in human gastric
cancer cell lines. There was a more significant increase of suppressive effect
in SNU-668 (A) than SNU-216 (B) cells compared with the control group. *P <
0.05 vs control group.

SNU-668 cells, we cultured the cells for 24 h on six-
well plates at 1 X 10* cells/well. We added troglitazone

Troglitazone

Figure 2 Change in cell morpho-
logy after treatment with troglita-
zone or ciglitazone. There were
more significant differences in
SNU-668 (B) than SNU-216 (A) cells,
as shown by inverted microscopy
(original magnification, x 100).

and ciglitazone to the medium, and cultured the cells
again. We counted the number of cells at 3, 5 and 7 d
after culturing. The growth rate of the SNU-216 cells
was reduced at 3, 5 and 7 d after troglitazone treatment,
and the cell count percentages were 45%, 24% and
24%, as compared with the control group. The growth
rate of the SNU-668 cells was reduced on the same
days by troglitazone treatment, by 49%, 15% and 9%.
However, with ciglitazone treatment, the growth rate
of the SNU-688 strain was reduced less profoundly,
and the percentages of the cell count were 77%, 38%
and 27%. As a result, troglitazone appeared to exert a
more profound suppressive effect than did ciglitazone
(Figure 3). Ciglitazone and troglitazone treatment did
not significantly affect SNU-216 and SNU-668 cell death

(Figure 4).

Cell cycle analysis using flow cytrometry

We assessed the cell cycles of the two groups. One
group was SNU-216 and SNU-668 cells cultured in
media to which 40 pmol/ L troglitazone and ciglitazone
was added, and the other group was a control group
that was cultured without any drug treatment. In the
SNU-216 cells, each of the GO/G1 phases were 77%,
78% and 79%, the S phases were all 11%, and the
G2/M phases were 12%, 11% and 10%. However, in
the SNU-668 cells, the GO/G1 phases of each group
were 73%, 76% and 86%, the S phases were 11%, 11%
and 8%, and the G2 phases were 16%, 12% and 6%

(Figure 5).

Effect of troglitazone and ciglitazone on expression of
p21 and pERK genes in SNU-216 and SNU-668 cells
We cultured SNU-216 and SNU-668 cells at a
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Figure 4 Cell viability measured by hemocytometry. Viability of the
troglitazone- or ciglitazone-treated cells was decreased more than that of the
control group, with no significant difference between the two cell lines.
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Figure 5 Effects of troglitazone and ciglitazone on cell cycle distribution
measured by flow cytometry. It shows meaningful arrest during G2/M and S
phase in SNU-668 treated with triglitazone.

concentration of 1 X 10* cells/well on six-well plates
for 24 h, and added troglitazone and ciglitazone at levels
of up to 40 umol/L for 7 d. On day 7, we conducted
Western blotting after extracting the proteins with from
the cultured cells for 7 d, and assessed the density of the
bands via image analysis. As a result of the expression
of p21, we noted no significant interval changes before
and after drug treatment in SNU-216 cells. In SNU-668
cells, we noted an increase of approximately 2.8-fold

T-ERK

. B P-ERK

o — o1

Figure 6 Western blot analysis for the expression of total-ERK, p-ERK
and p21. A: There was a significant decrease in phosphorylation of ERK and
increased expression of p21 in SNU-668 cells with ciglitazone or troglitazone
treatment. B: Ponceau S protein staining of the membrane of SNU-216 and
SNU-668 cells to ensure equal loading of protein in the sample.

with troglitazone, and a 1.6-fold increase with ciglitazone.
Phosphorylation of ERK was significantly reduced by
ciglitazone and troglitazone (Figure 6).

Influence of PPAR-y antagonists on the suppressive
effects of troglitazone and ciglitazone on cell growth

In order to evaluate the association between the
suppressive effects of cell growth with identical levels
of troglitazone, ciglitazone and PPAR-y activation, we
confirmed the effects of GW9662"", which has been
previously identified as a selective PPAR-y suppressor.
After culturing the solution at 1 X 10* cells /well in six-well
plates, we added antagonist 5 pmol/L GW9662, 5 pmol/L
GW9662 + 40 pmol/L ciglitazone, 5 umol/L GW9662
+ 40 umol/L troglitazone to each medium, and counted
the cells 3, 5, and 7 d later. The suppressive effects of
40 umol/L troglitazone and ciglitazone was not influenced
by treatment with 5 umol/L GW9662 (Figure 7).

Changes in gene expression

To clucidate the mechanism underlying the activity of
troglitazone, we evaluated the troglitazone-induced
changes in gene expression, via the microarray technique.
We verified these changes, and found that expression of
388 genes was increased by more than two-fold, and 466
were reduced by more than two-fold. According to the
analysis of genetic functions with genetic manifestation
by PANTHER (Protein Analysis Through Evolutionary
Relationsips) Classification System (SRI international,
CA, USA), cell cycle, DNA metabolism, somatic cell
division, replication, and DNA repair were suppressed
to a significant degree. However, signal transduction and
homeostasis were increased (Table 1). In an effort to
determine the categories of biological processes affected
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Figure 7 Effect of GW9662 on the inhibition of cell proliferation. GW9662,
a selective PPAR-y suppressor, had no effect on ciglitazone- or troglitazone-
induced inhibition of cell proliferation. °P < 0.05 vs control group.

by troglitazone treatment, we conducted functional
annotation analyses using DAVID bioinformatic tools™
with the genes whose expression was altered more than
two-fold. The results of this analysis reveal a distinct
distribution of biological processes between these genes
(Tables 2 and 3). The expression of genes associated
with signal transmission for cell communication,
growth, differentiation, and cell adhesion was increased.
Additionally, expression of genes associated with cell
proliferation, the cell cycle, nuclear metabolism and
phosphorylation was also reduced. The functional
differences between the increased and reduced genes
were confirmed by the changes in the KEGG pathway,
as detected by DAVID analysis. The pathway underlying
the reductions in the levels of these genes was associated
with the cell cycle, DNA polymerase, and purine and
pyrimidine metabolism, the effects of which on the
genes with increased expression was not confirmed

(Table 4).

DISCUSSION

PPAR-y is manifested in a variety of tissues and
cancer cells!, and the ligands that activate PPAR-y are
currently being studied as a possible novel therapeutic
modality"”***’, The PPAR-y ligand generally reduces
the survival rate of cancer cells via differentiation,
apoptotic induction, and changes in genes or proteins
associated with entrance into the G1/8 phase!™”.
Some reports have suggested that stomach cancer

cells manifest PPAR-y and are suppressed by PPAR-y

Biological process Number Over/under P value
Cell cycle 116 - 3.510E-13
DNA metabolism 57 - 1.150E-09
Mitosis 38 - 1.060E-07
DNA replication 38 - 7.350E-06
DNA repair 23 - 1.110E-03
Cell surface receptor mediated 52 *F 1.850E-03
signal transduction

Cytokinesis 10 - 3.280E-03
Chromosome segregation 14 - 3.300E-03
Homeostasis 14 + 9.100E-03
Signal transduction 133 + 1.230E-02
Transport 41 + 1.740E-02
Nucleoside, nucleotide and 165 - 1.800E-02

nucleic acid metabolism

ligands'"". Recently, another study has demonstrated
that troglitazone, a PPAR-y ligand, may prove useful in
preventive medicine, and this effect appears to occur in a
PPAR-y-dependent manner'"

The results of our study show that ciglitazone and
troglitazone suppress the proliferation of stomach
cancer cells via G1 phase arrest. The arrest of G1
phase has been reported in colon cancer cells as the
result of PPAR-y activation”. In the present study,
each of the stomach cancer cell types that showed p53
mutations was suppressed more strongly by troglitazone
than by ciglitazone, and this effect was detected more
prominently in the SNU-668 cells than in the SNU-216
cells. The SNU-668 cells demonstrated p53 and ras
mutations, and it will be necessary in future studies to
clarify the relationship between these results and the
medical mechanisms underlying them.

Few investigations have thus far addressed the
induction mechanism by which stomach cancer cell
proliferation is suppressed by troglitazone. As the
results of some studies have suggested that PPAR
agonists induce apoptosis in cancer cells, the observed
cell-proliferation-suppressive effects may derive from
a reduction in cell consistency. This indicates that
the reduction in cells as the result of apoptosis is not
very relevant to the aforementioned cell-proliferation-
suppressive effects.

Jung e al*® have evaluated the reaction of the
PPAR-y agonist pathway on PPAR-y. For example,
troglitazone suppresses the proliferation of colon
cancer cells, induces apoptosis, and induces the growth
response-1 gene in early phase. These processes are
activated downstream of the suppression in a one-by-
one fashion, via a PPAR-y-independent pathway'”.
Chinthatlapalli ez al'™™ have reported that an inductive
chemical compound associated with CDDO induces
both PPAR-y-dependent caveolin manifestation and a
PPAR-y-independent induction of apoptosis. In our
study, we determined that this mechanism occurs viz an
independent pathway, as suppression of the PPAR-y
agonist was not suppressed by PPAR-y antagonists.

We utilized different concentrations of troglitazone
to induce growth suppression, as has been done for
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Term Count P value Genes

Negative regulation of 29 2.26E-04 ANGPTL4, ZFHX1B, MXD4, CXCL1, GPNMB, CDKNT1A, IRF1, SESN2, JAZF1, FTH1, IL6, SVIL,

cellular process JARID1B, MN1, DDIT3, PPP1R15A, IER3, ARHGEF2, TNFAIP3, RHOB, PRDM1, QSCN6, BNIP3L,
MAP4, NRG1, EREG, FAIM3, IL8, FST

Response to chemical 20 1.91E-04 CCL20, PLD1, STC2, APOE, DEFB1, PLAU, CXCL1, SEMA3C, SRXN1, CCL5, SOD2, HSPAS6,

stimulus STC1, CXCL2, NDRG1, DNAJB2, IL8, MVP, ECGF1, ARNT2

Chemotaxis 8 0.009882707 CCL20, PLD1, CXCL2, CXCL1, PLAU, IL8, ECGF1, CCL5

Negative regulation of cell 9 0.009171778 FTHI1, IL6, MXD4, EREG, CXCL1, IL8, GPNMB, CDKN1A, QSCN6

proliferation

Programmed cell death 22 0.002544517 SQSTM1, TNFRSF21, PPP1R15A, APOE, ANGPTL4, IER3, TNFAIP3, RHOB, TNFRSF10A, ROCK1,
HIPK2, CDKN1A, BNIP3L, C100rf97, IL6, RRAGC, APP, PHLDAZ2, RIPK2, FAIM3, 1L24, TRIB3

Development 62 9.62E-06 SERPINE2, CXCL1, PHGDH, EPC1, MSX1, IL6, SLC3A2, COL7A1, IFRD1, NAV1, LIF, IER3,
ARHGEF2, RHOB, DHRS9, PKD1, VAT1, SEMA3C, QSCN6, ANPEP, LTBP4, EDG3, SOX9,
SQSTM1, PTGS2, IGF2BP3, FBN1, DNER, IGFBP5, CTGF, ANGPTL4, APOE, ZFHX1B, CSPG2,
IL11, KLF6, RRAGC, S100P, NDRG1, SVIL, PNMA1, DACT1, CYP1B1, WNT5A, MAFB, PDLIM7,
LAMA4, CRMP1, PAPPA, CAMTA1, RUNX1, KRTHA4, EREG, GPR56, NRGI, FST, IL8, DCN,
ECGF1, ARNT2, NRP1, ITGA2

Organelle organization and 28 0.005845300 WASPIP, APOE, HIST1H1C, CXCL1, EPC1, SVIL, MICAL1, H2BFS, HIST2H2AA, FMNL2, TINF2,

biogenesis PLEC1, TUBA1, HIST2H2BE, ARHGEF2, RHOF, ROCK1, TMOD1, HIST1H2BK, RHOB, SLC22A4,
FSCN1, HIST1H2BD, ATG4A, KIF1A, MAP4, ECGF1, KLHL5

Inflammatory response 12 0.002509065 CCL20, PTGS2, CXCL2, PLA2G4C, CEBPB, EDG3, CXCL1, RIPK2, IL8, TNFAIP6, IRAK2, CCL5

Organ development 21 0.003134980 FBN1, ANGPTL4, PDLIM7, RHOB, PHGDH, IL11, ANPEP, MSX1, IL6, KLF6, SVIL, EREG, GPR56,
SOX9, DCN, IL8, ECGF1, CYP1B1, NRP1, ITGA2, IFRD1

Transcription from RNA 17 0.024568720 SQSTM1, TRAK1, TSC22D1, DDIT3, MAFF, MXD4, IRF1, PRDM1, ATBF1, JAZF1, SOD2, FOXF1,

polymerase II promoter NFIL3, RUNX1, STAT5A, CEBPB, SOX9

Cellular morphogenesis 12 0.016732354 KLF6, RRAGC, CTGF, IGFBP5, APOE, LTBP4, ARHGEF2, SLC3A2, VAT1, NRP1, QSCN6, EPC1

Blood vessel morphogenesis 7 0.002345097 ANPEP, ANGPTL4, EREG, RHOB, IL8, ECGF1, NRP1

Response to wounding 20 2.23E-04 CCL20, PTGS2, CTGF, PLA2G4C, PLAU, CXCL1, TNFAIP6, CCL5, SOD2, IL11, CXCL2, CEBPB,
EREG, EDGS3, RIPK2, FAIM3, IL8, SERPINE1, IRAK2, ITGA2

Apoptosis 22 0.002437855 SQSTM1, TNFRSF21, PPP1R15A, APOE, ANGPTL4, IER3, TNFAIP3, RHOB, TNFRSF10A, ROCK1,
HIPK2, CDKN1A, BNIP3L, C100rf97, IL6, RRAGC, APP, PHLDA2, RIPK2, FAIM3, 1124, TRIB3

Cell-cell signaling 24 2.63E-04 CCL20, PBEF1, STC2, APOE, STX1A, LIF, GDF15, MAOA, TNFAIP6, GRB10, CCL5, IL11, STC1,
GABARAPL1, IL6, LTBP4, EREG, GPR56, EFNA1, FST, IL8, ECGF1, NRP1, WNT5A

Response to stress 35 0.003636369 SQSTM1, CCL20, PTGS2, ERRFI1, PLA2G4C, CTGF, ANGPTL4, APOE, CXCL1, CD83, SRXN1,
TNFAIP6, CCL5, IL11, SOD2, HSPAS®, IL6, CD55, CEBPB, DNAJB2, SERPINE1, CFB, PPP1R15A,
DDIT3, DEFB1, PLAU, CXCL2, EREG, EDG3, RIPK2, FAIM3, IL8, ARNT2, IRAK2, ITGA2

Vasculature development 7 0.002345097 ANPEP, ANGPTL4, EREG, RHOB, IL8, ECGF1, NRP1

Regulation of cell 16 6.45E-04 PBEF1, LIF, MXD4, ARHGEF2, CXCL1, GPNMB, CDKN1A, QSCNG6, IL11, IRS2, FTHI1, IL6, EREG,

proliferation EDGS3, IL8, NRP1

Cell organization and 47 0.001133913 SQSTM1, TRAK1, WASPIP, STX3A, IGFBP5, CTGF, APOE, HIST1IH1C, CXCL1, DNAJC12,

biogenesis EPC1, GABARAPL1, KLF6, RRAGC, SVIL, LARP6, MICAL1, HIST2H2AA, H2BFS, SLC3A2,
FMNL2, TINF2, PLEC1, STX1A, TUBA1, DUSP16, HIST2H2BE, STX11, RHOF, ARHGEF2, RHOB,
HIST1H2BK, TMOD1, ROCK1, SLC22A4, VAT1, FSCN1, QSCN6, BET1, HISTIH2BD, ATG4A,
KIF1A, LTBP4, MAP4, ECGF1, KLHL5, NRP1

Cell differentiation 21 0.001730483 SQSTM1, PTGS2, APOE, ANGPTL4, PDLIM7, SERPINE2, RHOB, DHRS9, PAPPA, IL11, ANPEP,
IL6, KLF6, NDRG1, LTBP4, EREG, NRG1, ECGF1, ARNT2, NRP1, IFRD1

Behavior 11 0.004559090 CCL20, PLD1, CXCL2, APOE, MAOA, PI3, CXCL1, PLAU, IL8, ECGF1, CCL5

Angiogenesis 7 0.001885665 ANPEP, ANGPTL4, EREG, RHOB, IL8, ECGF1, NRP1

Nucleosome assembly 7 0.007444314 HIST1H2BD, HIST2H2AA, HIST2H2BE, H2BFS, HIST1H1C, HIST1H2BK, SLC22A4

Cell adhesion 24 0.00542196 CLDN12, CTGF, LAMA4, CSPG2, RHOB, PKD1, CLDN1, TNFAIP6, CCL5, TPBG, KIAA0319,
APP, ITGA5, LPP, GPR56, VTN, NID2, MYO10, IL8, COL7A1, MSLN, NRP1, ITGA3, ITGA2

Morphogenesis 27 8.06E-05 IGF2BP3, IGFBP5, CTGF, ANGPTL4, APOE, EPC1, MSX1, KLF6, RRAGC, SLC3A2, WNT5A,
IER3, ARHGEF2, DHRS9, PKD1, RHOB, VAT1, QSCN6, ANPEP, LTBP4, EREG, EDGS3, IL8, DCN,
ECGF1, NRP1, ITGA2

Taxis 8 0.009882707 CCL20, PLD1, CXCL2, CXCL1, PLAU, IL8, ECGF1, CCL5

Glutamine family amino 5 0.007880038 GLS, GCLC, GFPT2, ASS, ASNS

acid metabolism

studies of insulin resistance””. A similar technique
has also been utilized to induce growth suppression in
human colon cancer cells, as reported by Sarraf ez a/
(1998)". This suggests that the clinical concentrations
of troglitazone should effectively suppress the growth
of stomach cancer cells.

The intracellular mechanisms relevant to the growth
suppression effects of ciglitazone and troglitazone

remain to be elucidated; however, Western blotting
results have verified that ERK phosphorylation is
suppressed by troglitazone and ciglitazone, and the
noted increase in the manifestation of p21 is more
marked with troglitazone. We conclude that ciglitazone
and troglitazone are associated with the suppression
of cell growth. Our microarray analysis results showed
that troglitazone induces not only the expression
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Term Count  Pvalue Genes

Mitotic sister chromatid 10 1.61E-10 CDCAS5, KNTC2, CNAP1, DLG7, NUSAP1, HCAP-G, SMC4L1, CENPE, SMC2L1, ESPL1

segregation

Phosphorylation 32 6.36E-04 CDK®6, CCL2, BUB1, INHA, CDC7, PKMYT1, GSG2, PBK, BUB1B, CHEK1, LOC91461, MASTL,
WEE1, AURKB, MXRAS5, PKN3, VRK1, CIT, PRKCE, PLK2, MELK, PASK, TTK, NEK2, EMEI1,
NUAK2, CDC2, CDK2, CDK4, MAP2K6, PLK1, PLK4

Mitotic chromosome 6 2.73E-06 CDCA5, CNAP1, NUSAP1, HCAP-G, SMC4L1, SMC2L1

condensation

Mitosis 44 4.68E-37 KIF2C, CENPF, BUB1, SPAG5, DLG7, ACTG1, PKMYT1, CDC6, HCAP-G, MAD2L1, CCNB1,
PBK, CCNF, BUB1B, ESPL1, CCNB2, WEE1, CNAP1, KIF23, SGOL1, CIT, CDC25A, TPX2, ASPM,
SMC4L1, SMC2L1, MPHOSPH1, TTK, NEK2, CDC2, CDK2, CCNA2, CDC25C, PTTG1, KNTC1,
KIF15, PLK1, CDCAS5, CDC20, KNTC2, NUSAP1, ANLN, UBE2C, CENPE

Phosphoinositide-mediated 13 8.33E-08 CKS2, RFC4, HMGB2, HIST1H4C, TYMS, SPAG5, BUB1B, TOP2A, KNTC2, ZWINT, PCNA,

signaling UBE2C, FEN1

Response to DNA damage 43 1.78E-25 RFC4, CHAF1B, FANCL, POLD3, NUDT1, UHRF1, EXO1, CHEK1, LIG1, BRCA1, TOP2A, POLE2,

stimulus RAD54L, GTSE1, POLE, PCNA, RAD51, MDC1, UIP1, RAD51AP1, HMGB2, RPA1, TYMS, POLQ,
NEIL3, CCNA2, CHAF1A, PTTG1, MAP2K6, REC5, FANCG, RPA3, FANCB, XRCC3, H2AFX,
TOPBP1, RECQL4, BLM, RAD51C, POLD1, FANCD2, APEX2, FEN1

Traversing start control point 5 2.73E-06 CDC7, CDC6, CDC2, CDK2, CDC25C

of mitotic cell cycle

Regulation of DNA replication 5 2.14E-04 GMNN, CDC6, CDK2, CDT1, PCNA

Regulation of DNA 7 6.56E-05 BRCA1, GMNN, CDC6, CDK2, CDT1, PCNA, RAD51

metabolism

Phosphate metabolism 35 1.83E-03 CDKe6, CCL2, BUB1, INHA, CDC7, PKMYT1, GSG2, CDKN3, PBK, BUB1B, CHEK1, LOC91461,
MASTL, WEE1, AURKB, MXRA5, PKN3, VRK1, CIT, CDC25A, PRKCE, MELK, PLK2, PASK, TTK,
NEK2, EME1, NUAK2, CDC2, CDK2, CDC25C, CDK4, MAP2K6, PLK4, PLK1

Organelle organization and 44 749E-08 (CKS2, KRTS8, PRC1, KIF2C, CENPF, SUV39H1, CHAF1B, SPAG5, EZH2, KIF14, HCAP-G, KIF4A,

biogenesis DIAPH3, BUB1B, ESPL1, BRCA1, ACD, HIST1IH2BH, CNAP1, KIF23, CBX1, ZWINT, GTSE1,
KIF11, SMC4L1, SMC2L1, EXOSC2, MPHOSPH1, STMN1, TTK, HMGB2, HISTIH4C, CENPA,
KIF20A, CHAF1A, KIF15, CDCA5, H2AFX, KNTC2, MGC39900, NUSAP1, UBE2C, CENPE,
C9orf48

Organelle localization 6 1.62E-06 CENPF, CDCA5, DLG7, NUSAP1, CENPE, ESPL1

Microtubule-based process 22 7.74E-11 STMNI1, CKS2, PRC1, KIF2C, TTK, SPAGS, KIF14, KIF4A, KIF20A, BUB1B, ESPL1, KIF15, KNTC2,
KIF23, NUSAP1, ZWINT, GTSE1, KIF11, UBE2C, CENPE, C9orf48, MPHOSPH1

Sister chromatid segregation 10 2.68E-10 CDCA5, KNTC2, CNAP1, DLG7, NUSAP1, HCAP-G, SMC4L.1, CENPE, SMC2L1, ESPL1

Regulation of cyclin 10 1.66E-07 CHEKI1, CKS2, CDK5RAP3, PKMYT1, BCCIP, CDC6, CDC25A, CDKN3, CCNA2, CDC25C

dependent protein kinase

activity

Deoxyribonucleotide 3 6.19E-03 RRM2, TYMS, DTYMK

biosynthesis

Response to stress 56 1.70E-09 CCL2, EXO1, LIG1, RAD54L, BST1, GTSE1, POLE, MDK, TYMS, POLQ, NEIL3, CCNA2, PTTG1,
RFC5, FANCG, RPA3, FANCB, XRCC3, H2AFX, RECQL4, HSPA2, FANCD2, APEX2, RFC4,
CHAF1B, INHA, FANCL, POLD3, NUDT1, UHRF1, FOS, CHEK1, BRCA1, TOP2A, GP1BB,
POLE2, PCNA, RAD51, MDC1, UIP1, RAD51AP1, FOXM1, HMGB2, RPA1, CHAF1A, MAP2KS6,
CFH, TOPBP1, CD14, NR3C1, BLM, CLEC2D, RAD51C, POLD1, FEN1, PRDX2

Metaphase plate congression 3 2.55E-03 CENPF, CDCA5, CENPE

Regulation of transferase 12 1.44E-04 CHEKI, CKS2, CDK5RAP3, TPD52L1, PKMYT1, BCCIP, CDC6, CDC25A, CDKN3, CCNA?2,

activity CDC25C, RGS54

DNA strand elongation 3 418E-03 PRIM1, RFC4, RFC3

Cell proliferation 37 9.94E-10 CKS2, CDKS6, KIF2C, CENPF, BUB1, CDC7, SKP2, DLG7, CDC6, CDKN3, DTYMK, BUB1B,
CHEKT1, STIL, BRCA1, CDKN2C, CDC25A, TPX2, PCNA, IFITM1, TTK, CDK5RAP3, MDK,
MKI67, CDK2, CDC25C, ADAMTS1, TSPAN3, CDK4, CDCA7, CYR61, KIF15, CDCA7L, HDGF,
PLK1, E2F1, UBE2C

Establishment of organelle 6 457E-07 CENPF, CDCA5, DLG7, NUSAP1, CENPE, ESPL1

localization

Cell organization and 59 6.71E-06 PRC1, KIF2C, SUV39H1, DLG7, HCAP-G, DIAPH3, ESPL1, ACD, CNAP1, KIF23, CBX1, THOC4,

biogenesis KIF11, GTSE1, EXOSC2, MPHOSPH1, STMN1, IL17RB, CENPA, CYR61, H2AFX, KNTC2,
NUSAP1, HNRPA1, C9orf48, SLC25A10, NUP107, CKS2, KRT8, CENPF, CHAF1B, SPAG5, EZH2,
KIF14, KIF4A, BUB1B, BRCA1, HIST1H2BH, TRIP6, ZWINT, SMC4L1, SMC2L1, TTK, KAZALD1,
HMGB2, HIST1H4C, RANBP1, IGFBP3, TMEMY97, KIF20A, CHAF1A, SORT1, KIF15, PPIH,
CDCA5, MGC39900, UBE2C, WISP2, CENPE

Regulation of kinase activity 12 1.35E-04 CHEKI1, CKS2, CDK5RAP3, TPD52L1, PKMYT1, BCCIP, CDC6, CDC25A, CDKN3, CCNA2,
CDC25C, RGS4

DNA repair 40 3.75E-24 RFC4, CHAF1B, FANCL, POLD3, NUDT1, UHRF1, EXO1, CHEK1, LIG1, BRCA1, TOP2A, POLE2,
RAD54L, POLE, PCNA, RAD51, MDC1, UIP1, RAD51AP1, HMGB2, RPA1, TYMS, POLQ, NEIL3,
CHAF1A, PTTG1, RFC5, FANCG, RPA3, FANCB, XRCC3, H2AFX, TOPBP1, RECQL4, BLM,
RAD51C, POLD1, FANCD2, APEX2, FEN1

DNA recombination 11 3.91E-06 CHEKI, LIG1, XRCC3, H2AFX, RPA1, BLM, RAD51C, RAD54L, RAD51, RAD51AP1, EXO1
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Protein complex assembly 14 7.55E-03 CENPF, HMGB2, CHAF1B, HIST1H4C, SLC7A6, MPP2, CENPA, CHAF1A, KNTC1, PPIH,
H2AFX, HIST1H2BH, RAD51, CENPE
Establishment of chromosome 4 8.79E-05 CENPF, CDCA5, DLG7, CENPE
localization
Chromosome segregation 15 1.42E-14 CENPF, DLG7, HCAP-G, PTTG1, SGOL2, ESPL1, CDCA5, KNTC2, CNAP1, SGOL1, NUSAP1,
CDCA1, SMC4L1, SMC2L1, CENPE
Chromosome organization 19 9.65E-05 CENPF, SUV39H1, HMGB2, CHAF1B, HIST1H4C, EZH2, HCAP-G, CENPA, CHAF1A, CDCA5,
and biogenesis ACD, H2AFX, CNAP1, HIST1H2BH, CBX1, NUSAP1, SMC4L1, SMC2L1, CENPE
DNA integrity checkpoint 6 2.66E-05 CHEK1, CDC6, GTSE1, CDT1, CCNA2, CDC45L
Chromosome localization 4 8.79E-05 CENPF, CDCA5, DLG7, CENPE
Spindle organization and 11 4.01E-12 CKS2, STMNI1, PRC1, TTK, KNTC2, SPAG5, KIF23, ZWINT, KIF11, UBE2C, BUB1B
biogenesis
Protein amino acid 30 8.41E-05 CDKs6, CCL2, BUB1, CDC7, PKMYT1, GSG2, PBK, BUB1B, LOC91461, MASTL, CHEK1, WEEI,
phosphorylation AURKB, MXRA5, PKN3, VRK1, CIT, PRKCE, PLK2, MELK, PASK, TTK, NEK2, NUAK2, CDC2,
CDK2, CDK4, MAP2K6, PLK1, PLK4
Chromosome condensation 6 9.81E-06 CDCA5, CNAP1, NUSAP1, HCAP-G, SMC4L1, SMC2L.1
Cell cycle 97 218E-51 PRC1, KIF2C, CDC7, GSG2, CDKN3, HCAP-G, ESPL1, LIG1, MCM5, TPD52L1, CNAP1, KIF23,
RADb54L, GTSE1, STMN1, NEK2, E2F2, CDK4, SGOL2, KNTC1, PLK1, H2AFX, CKS1B, BCCIP,
NUSAP1, ANLN, CKS2, CENPF, CHAF1B, ACTG1, CDC6, PBK, CHEK1, ZWINT, ASPM,
RADS51, MDC1, SMC4L1, TTK, MKI67, CDK2, MCM7, KIF15, MAP2K6, CDCAS5, E2F1, BIRCS,
UBE2C, BUB1, PKMYT1, ILF3, DLG7, DTYMK, MAD2L1, WEE1, SGOL1, CIT, KIF11, RBL1,
MPHOSPH1, MDK, CCNA2, CDT1, PTTG1, CDC45L, FANCG, PLK4, MCM3, KNTC2, GMNN,
HSPA2, FANCD?2, CDK6, INHA, SKP2, SPAG5, UHRF1, CCNB1, CCNF, BUB1B, CCNB2, BRCA1,
CDKN2C, AURKB, TPX2, CDC25A, PCNA, SMC2L1, IFITM1, CDK5RAP3, MCM2, CDC2,
CDC25C, MCM6, CHAF1A, CDC20, CENPE
Spindle checkpoint 3 418E-03 TTK, CENPF, BUB1
Cytoskeleton organizationand 25 4.74E-06 CKS2, KIF2C, PRC1, KRT8, SPAG5, KIF14, KIF4A, DIAPH3, BUB1B, ESPL1, KIF23, KIF11, GTSE1,
biogenesis ZWINT, MPHOSPH1, STMNT1, TTK, KIF20A, KIF15, KNTC2, NUSAP1, MGC39900, UBE2C,
C9orf48, CENPE
Chromatin assembly or 9 8.89E-03 SUV39H1, HIST1H4C, CHAF1B, HMGB2, H2AFX, HIST1H2BH, CBX1, CENPA, CHAF1A
disassembly
Nucleobase, nucleoside, 121 1.16E-08 SUV39HI1, Pfs2, ADARB1, ATOHS8, CDC7, TAF5, CITED4, TK1, HMGI1L1, EXO1, PRIM1, LIG1,
nucleotide and nucleic acid MCMS5, TPD52L1, ATPIF1, PAPSS2, CBX1, RAD54L, POLE, ORC6L, EXOSC2, IQGAP3, RRM2,
metabolism ORCIL, TRIP13, E2F2, POLQ, ITGB3BP, CENPA, NEIL3, CHTF18, RRM1, KNTC1, RNASEH2A,
ID3, RFC5, FANCB, XRCC3, H2AFX, GATA2, HNRPA1, DMBX1, NASP, RFC4, RFC2, CENPF,
CHAF1B, PAICS, POLD3, CDC6, SREBF1, CHEK1, GNE, MCM4, MXD3, RAD51, MDC1, UIP1,
RAD51AP1, TIMELESS, FOXM1, EME1, SLBP, HIST1H4C, CDK2, HAT1, MCM7, NR3C1,
DNMT1, BLM, RAD51C, E2F1, POLD1, FEN1, ILF3, SNRPA, DTYMK, RAB26, ZNF488, THOC4,
RBL1, TYMS, RPA2, CDT1, PTTG1, CDC45L, FANCG, RPA3, HOXA2, GMNN, MCM3, RECQL4,
FANCD2, POLA2, APEX2, FANCL, EZH2, NUDT1, PHF19, UHRF1, FOS, POLR3K, BRCA1,
TOP2A, ASCC3L1, HISTIH2BH, POLE2, PCNA, NUDT21, HMGB2, RPA1, MCM2, MCM6,
CHAF1A, PPIH, SLC2A4RG, TOPBP1, RFC3, TTF2, C200rf129, CSTF3
Second-messenger-mediated 16 1.53E-05 APITD1, CKS2, RFC4, GABBR2, CCL2, HMGB2, HIST1H4C, TYMS, SPAG5, BUB1B, TOP2A,
signaling KNTC2, ZWINT, PCNA, UBE2C, FEN1
Meiosis 7 4.68E-04 CHEK1, NEK2, H2AFX, SGOL1, RAD54L, HSPA2, RAD51
Regulation of protein kinase 12 1.35E-04 CHEK1, CKS2, CDK5RAP3, TPD52L1, PKMYT1, BCCIP, CDC6, CDC25A, CDKN3, CCNA2,
activity CDC25C, RGS4
Term Count P value Genes
DNA Polymerase 8 237E-06  PRIM1, RFC5, POLD3, POLE2, POLQ, POLD1, POLE, POLA2
Pyrimidine metabolism 13 6.71E-06  RRM2, TYMS, POLD3, TK1, DTYMK, RRM1, POLR3K, PRIM1, RFC5, POLE2, POLD1, POLE, POLA2
Purine metabolism 14 2.64E-04  RRM2, PAICS, POLD3, PDE7B, RRM1, POLR3K, PRIM1, RFC5, PDE4B, PAPSS2, POLE2, POLD1,
POLE, POLA2
Cell cycle 34 3.15E-27  CDK®6, BUB1, CDC7, SKP2, PKMYT1, CDC6, MAD2L1, CCNB1, BUB1B, ESPL1, CCNB2, CHEK1,

WEE1, MCM5, MCM4, CDKN2C, CDC25A, PCNA, ORC6L, RBL1, ORC1L, MCM2, CDC2, CDK2,
MCM6, CDC25C, CCNA2, CDK4, PTTG1, CDC45L, MCM7, PLK1, CDC20, MCM3

of p2l-inducing cell-cycle-controlling genes, but
also suppresses expression of genes associated with
DNA composition and a variety of other genes. This
suggests that transcription of many crucial genes is
completely unrelated to PPAR-y in the presence of
troglitazone. As shown above, the growth-suppressive
effects induced by ciglitazone and triglitazone occur via
a PPAR-independent pathway, and transcription of a

variety of genes associated with the induction of cell-
cycle control and DNA compound factors are relevant
to this process.

COMMENTS

Background

Peroxisome proliferation-activated receptor (PPAR)-y is manifested in a variety
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of tissues and cancer cells and the ligands that activate PPAR-y are currently
being studied as a novel treatment. The PPAR-y ligand generally decreases the
survival rate of cancer cells via differentiation, apoptotic induction, and changes
in genes or proteins associated with entrance into the G1/S phase. We studied
the appearance of PPAR-y in two types of stomach cancer cells treated with
ciglitazone and troglitazone, both of which induce PPAR-y activation. We were
able to identify cell proliferation, confirm the effects of PPAR-y suppressors,
and clarify any genetic alterations for the growth of stomach cancer cells using
cDNA microarrays.

Research frontiers

They evaluated the effects of PPAR-y and PPAR-y agonists on stomach cancer
cells at the cytological and molecular levels, and determined the concentration
of troglitazone that can be used clinically to suppress the growth of stomach
cancer cells. In 1999, Takahashi et al reported that stomach cancer is
suppressed by PPAR-y-ligand-mediated apoptosis. In 2005, Lu et al reported
that troglitazone suppresses stomach cancer via the activation of PPAR-y.

Innovations and breakthroughs
This manuscript shows a growth suppressing effect of the PPAR-y ligands on
stomach cancer cells via a pathway independent of PPAR-y activation.

Applications

Currently, PPAR-y is used to treat diabetes mellitus, hyperlipidemia,
atherosclerosis, inflammatory vascular disease, Alzheimer’s disease and some
malignant diseases. In particular, the suppressing effect of the PPAR-y ligands
on stomach cancer cells may contribute to treatment efficacy.

Terminology

PPAR is a member of the family of nuclear receptors, which is part of the
steroid/thyroid hormone/retinoid receptor superfamily. PPAR has three subtypes,
a, P/8, and y. PPAR-y has novel functions in cell division and differentiation,
which are associated with inflammatory response, tissue resuscitation, vascular
biology, and cancer formation, as a control factor for apoptosis.

Peer review

This manuscript describes a growth-suppressing effect of the PPAR-y
ligands on stomach cancer cell line SNU-668, but not SNU-216. This effect
is independent of PPAR-y activation. Associated with this, was an increase in
p21 and decreased phosphorylated-ERK. The authors then went on to perform
microarray analysis after treatment with PPAR-y ligands.
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Abstract

AIM: To investigate the therapeutic effects of four
strains of probiotics (£. feacalis, L. acidophilus,
C. butyricum and B. adolescentis) on dextran sulphate
sodium (DSS)-induced experimental colitis in Balb/c
mice.

METHODS: Eighty Balb/c mice were randomly
divided into 8 groups. Weight-loss, fecal character,
fecal occult blood and hematochezia were recorded
daily. Disease activity index (DAI) scores were also
evaluated everyday. Length of colon was measured
and histological scores were evaluated on the 13th
day. Myeloperoxidase (MPQO) activity was detected.
Interleukin-1 (IL-1) and IL-4 expression was detected
by ELISA and RT-PCR.

RESULTS: The four strains of probiotics relieved the
inflammatory condition of DSS-induced experimental
colitis in mice. Weight loss was slowed down in
all probiotics-treated mice. Even weight gain was
observed by the end of probiotics treatment. The DAI
and histological scores of probiotics-treated mice were
lower than those of mice in the control group (1.9 £ 0.2
vs 8.6 £ 0.4, P < 0.05 for £ faecalis). The length of

colon of probiotics-treated mice was longer than that
of mice in the control group (10.3 = 0.34 vs 8.65 + 0.77,
P < 0.05 for £. faecalis). The four strains of probiotics
decreased the MP activity and the IL-1 expression, but
increased the IL-4 expression. £. faecalis had a better
effect on DSS-induced experimental colitis in mice than
the other three strains.

CONCLUSION: The four strains of probiotics have
beneficial effects on experimental colitis in mice.
E. faecalis has a better effect on DSS-induced
experimental colitis in mice than the other three
strains. Supplement of probiotics provides a new
therapy for UC.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) is a non-specific chronic
inflammation of intestinal tract. The primary
therapies with salazosulfamide, glucocorticoids and
immunodepressant probiotics are limited by their side-
effects, poor compliance of patients and high relapse
rates! .

It is well known that consumption of certain
bacteria improves intestinal health®. Animal and
clinical studies also indicate that gastrointestinal bacteria
play an important role in the development of UC®.
Supplements of probiotics provide a new therapy for
UC. Bibiloni e# a/” found that VSL#3 (including 4
strains of Lactobacilli, 3 strains of Bifidobacteria and 1
strain of Streptococcus) displays a beneficial effect on UC.
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Kruis et /' showed that Escherichia coli and Nissle 1917
have a similar effect and safety on 5-aminosalicylic
acid!". It was reported that administration of
Lactobacillus casei obviously decreases histological damage,
while administration of Escherichia coli O83 and Nissle
1917 is beneficial for immunological regulation!". Peran
et al'? showed that probiotics can relieve UC symptoms
through different mechanisms of action".

Because of the specific damage site of UC and the
different colonizations of each bacterium, different
probiotics have different effects on UC L In order
to find out effective strains, we compared the effects
of four strains of probiotics on experimental colitis in
mice.

MATERIALS AND METHODS

Bacterial strains

L. acidophilus, C. butyricum, B. adolescentis and E. feacalis
were isolated from intestinal tract of healthy adults and
identified in our facility.

Reagents

Salicylazosulfapyridine (SASP) was purchased from
Fuda Pharmaceutical Co. Ltd (China). Dextran sulphate
sodium was produced by MW 5000, Sigma-Aldrich Co
(USA). ELISA kit was bought from Boster Biological
Technology, Ltd (China), RT-PCR correlate agents were
purchased from Promega Biotech Co., Ltd (USA) and
Myeloperoxidase (MPO) diagnostic kit was bought from
Jiancheng biotech Co (China).

Experimental design
Six-eight-week-old Balb/c mice (half males and half
females, weighing 20.0 £ 2.0 g) provided by Hunan
Agricultural University (China) were randomly divided
into 8 groups, housed in clean filter-top cages under
standard conditions (50% Z 10% humidity) in a 12-h
dark/12-h light cycle, and fed with standard mouse
chow. All mice were fed under standard conditions for
5 d. All mice were divided as follows: (1) Normal group:
Normal diet without special treatment; (2) Model group:
drinking 5% DSS for modeling; (3) NS group: 5% DSS
for modeling + NS (100 pL/10 g) by gavage (4) SASP
group: 5% DSS for modeling + SASP (50 mg/mL) by
gavage; (5) L. acidophilus group: 5% DSS for modeling
+ 10° U/mL L. acidophilus by gavage; (6) C. butyricum
group: 5% DSS for modeling +10° U/mL C. butyricum
by gavage; (7) B. adolescentis group: 5% DSS for modeling
+10° U/mL B. adolescentis by gavage; (8) E. faecalis group:
5% DSS for modeling +10° U/mL E. faecalis by gavage;
The four strains of probiotics were grown overnight in
culture media and suspended in normal saline (NS) to
a concentration of 10° U/mL. SASP was dissolved in
NS to a concentration of 50 mg/mL. The mice were
fed with 200 pL of this daily-prepared suspension via
an intragastric tube. On the 13th day, all mice were
sacrificed.

To reflect the general conditions of mice, DAI

January 21, 2009  Volume 15  Number 3
Primer Product
(bp)
IL-1B Sense: 5'-AGCCCATCCTCTGTGACTCATG-3' 422
Antisense: 5-GCTGATGTACCAGTTGGGGAAC-3'
IL-4 Sense: 5'-ACTTCAGTGGCTGGATTTAT-3' 424
Antisense: 5 ATTCCCTGAAAGGCTTGGTC-3'
B-actin Sense: 5' ATGGATGACGATATCGCT-3' 569

Antisense: 5'-ATGAGGTAGTCTGTCAGGT-3'

scores were determined by an investigator blind to the
protocol by scoring the extent of body weight loss,
fecal character, fecal occult blood or hematochezia as
previously described!"?. On the 13th day, blood was
collected and all mice were sacrificed. The colon, from
the colo-cecal junction to the anus was excised with
its length measured, rinsed with 5 mL of 0.01 mol/L
PBS (pH 7.4) to remove the fecal remnants, cut open
longitudinally at the mesenteric attachment. One cm of
the distal colon was removed and fixed for 48 h in PBS-
buffered 10% formalin. The tissue was then processed
for paraffin embedding and cut into 5-pm thick sections.
The sections were stained with hematoxylin and eosin
(HE). Other part of the colon was preserved in liquid
nitrogen.

MPO activity
MPO activity was measured as an indicator of

neutrophil accumulation in colonic mucosa as preciously
described!"”.

RT-PCR

All primers were designed by software Primer5 (Table 1).
The anneal temperature was 58-53C for 45 min at 30
amplification (Table 1).

ELISA analysis

The concentrations of IL-1 and I1.-4 were measured in
homogenized colons with an ELISA kit according to its
manufacturers protocol and expressed as per milligram
of protein.

Statistical analysis

Statistical analyses were performed using SPSS for
Windows, version 13.0. All results were expressed as
mean * SD. Data sets were analyzed by one-way analysis
of variance (ANOVA) and Fishers’ protected LSD post
hoe-test. Those with a significant difference were further
analyzed by Student-Newman-Keuls test. P < 0.05 was
considered statistically significant.

RESULTS
Weight loss

No difference was observed in body weight of mice among
the 4 groups on day 0 (ANOVA). Body weight increased
gradually in the normal group. Mice in the model group
had a weight gain during the first 4 d due to lack of
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Figure 1 Body weight changes in all groups. The body weight of mice on the
1st day was taken as the basal level. The body weight of mice each day minus
the basal body weight was expressed as the body weight change. The negative
value indicates the decreased weight, and the positive value indicates the in-
creased weight.
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Figure 2 Length of colon on the 13th day. °P < 0.05 vs normal group; °P <
0.05 vs model group; °P > 0.05 vs normal group; °P < 0.05 vs SASP treatment
group.

gavage stimulation, and a significant weight loss from day
5. Because of the double stimulation of DSS and gavages,
mice in the NS group had an obviously weight loss. Mice
in the SASP group maintained their body weight at its
base level during the first 7 d, but had a significant weight
loss from day 8 due to severe experimental colitis. The
four strains of probiotics, especially E. feacalis, could
inhibit the weight loss (Figure 1).

Length of colon
The length of colon of mice in the model and NS
groups was significantly decreased compared with the
SASP group. C. butyricum, L. acidophilus, B. adolescentis,
E. faecalis could effectively prevent the shortening of
colon (Figure 2).

DAl scores
Weight loss, fecal character, fecal occult blood and

hematochezia were evaluated individually as previously
described™. The highest DAI score was obsetrved in

o -9 Normal —k— L. acidophilus
8 @ Model ~@— C butyricum =

NS —t+— B. adolescentis
/ SASP -m— E faecalis

DAI scores
(9]

2 3 4 5 6 7 8 9 10 11 12 13

Figure 3 DAI scores of different groups. The DAI score was zero in normal
group. The score increased gradually and reached 8.6 on the 13th day in model
group. The score was low in SASP treatment group during the first 8 d, in-
creased gradually during the last 5 d and reached 5.0 on the 13th day. The DAI
scores of all four strains of probiotics were low in probiotics treatment groups,
especially in E. faecalis treatment group. The maximum DAI score was only 1.9.

model and NS groups. SASP had a good effect on carly
experimental colitis, but a poor long-term effect on
severe experimental colitis. The DAI scores of the four
groups were low (Figure 3).

Histological scores

Histological changes in mice of the 4 groups were
evaluated individually as previously desctibed" (Figure 4).
The highest score was found in mice of the model and
NS groups, and a lower score was observed in mice of
the SASP and probiotics treatment groups compared
to mice of the model group, especially the mice in
E. faecalis treatment group (1.67 £ 0.27 »5 9.99 + 1.48,
P < 0.05) (Figure 5).

MPO activity

The level of MPO activity was low in normal group,
high in model group, and lower in SASP and probiotics
treatment groups than in model group, especially in
E. faecalis treatment group (Figure 6).

RT-PCR

The level of IL-1f mRNA was the lowest in normal
group, the highest in model group, and lower in SASP
and probiotics treatment groups than in model group
(0.82 £ 0.03 »s 1.78 £ 0.07, P < 0.05) (Figure 7A-B). On
the contrary, the level of IL-4 mRNA was the highest in
normal group, the lowest in model group, higher in SASP
and probiotics treatment groups than in model group
(0.98 £ 0.01 25 0.30 £ 0.01, P < 0.05) (Figure 8A-B)

ELISA analysis

The level of T1.-1B and IL.-4 was similar with that of
mRNA. The level of IL-1 was the lowest i L. acidophilus
and E. faecalis treatment groups (105.25 £ 7.79 5 166.93
+ 13.69, P < 0.05), and the highest iz L. acidophilns,
B. adolescentis, and E. faecalis treatment groups (184.85 *
11.51 »s119.33 + 10.86, P < 0.05) (Table 2).
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Figure 4 Histological images of mice. A: Normal group; B: Model group;C: NS group; D: SASP treatment group, E: L. acidophilus treatment group, F: C. butyricum
treatment group, G: B. adolescentis treatment group, H: E. faecalis treatment group ( HE, light microscope, x 200).

DISCUSSION

Studies showed that intestinal bacteria play an important
role in the development of UCP'. and supplement of
probiotic is beneficial for UC!'"*'. Because the damage
site of UC resides mostly at the colon or rectum and
different bacteria have different secretion functions
or metabolism in intestinal tract, complement of local
bacteria is more beneficial for UC. There are 300-500
different species of bacteria in the intestinal tractP),
and their location remains unclear at present. Since
probiotics isolated from intestinal tract have an excellent
permanent planting ability, obviously effective probiotics
should be selected in a comparative study about their
effects on experimental colitis.

Several studies on Escherichia coli Nissle, Lactobacillus
casei, Bifidobacterium lactis, Lactobacillus acidophilus, ete,
showed that these probiotics can be used in treatment of
inflammatory bowel disease (IBD)!""'**), In the present
study, the effects of the four strains of probiotics on
experimental colitis were compared.

The results of our study indicate that the four
strains of probiotics had therapeutic effects on
experimental colitis, confirming that probiotics can be
used in treatment of colitis. Weight loss was slowed
down and even weight gain was observed by the end
of our experiment. The DAI and histological scores
were low in probiotics treatment groups. These results
agree with the reported findings!">*!. The MPO activity
decreased significantly in all probiotics treatment groups,
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Figure 5 Histological scores of mice in different groups (mean * SD, n =
10). The histological score was zero in normal group was zero (°P < 0.0). The
highest score was 9.9 + 1.50 in model and NS groups (*P < 0.05). The score
was different in E. faecalis and SASP treatment groups (°P < 0.05).

Groups Number IL-1B IL-4
(pg/mg.protein)  (pg/mg.protein)
Norml 10 84.64 +7.02 205.81 + 14.83
Model 10 166.93 +13.69"  119.33 +£10.86"
NS 10 14736 £12.61°  124.37 £9.85"
SASP 10 125.1 £12.04™°  147.02 £ 12.02*¢
DSS + L. acidophilus 10 109.43 £11.98™° 177.81 +£10.29**
DSS + C. butyricum 10 121.25 +12.42*°  150.76 + 9.98"°
DSS + B. adolescentis 10 120.27 £10.90™  173.69 +11.98**
DSS + E. faecalis 10 105.25+7.79™°  184.85 +11.51°

°P < 0.05 vs normal group; ‘P < 0.05 vs model group; °P < 0.05 vs SASP
group.

especially in E. faecalis treatment group, suggesting that
the four stains of probiotics can relieve the symptoms
of experimental colitis by decreasing the infiltration of
neutrophils.

Balish e# a/*? revealed that IBD occuts in germ-
free IL-10-/- mice when they are colonized with a pure
culture of E. faecalis, indicating E. faecalis is a conditioned
pathogen. However, our study showed that E. faecalis
could relieve the symptoms of experimental colitis and
decrease the infiltration of neutrophils. E. faecalis had
a better effect on experimental colitis than the other
three strains of probiotics. Ruiz ¢ /) reported that the
expression of pro-inflammatory cells is transient 1 wk
after E. faecalis treatment in intestinal epithelial cells
from wild-type mice, suggesting that lack of protective
TGF-B/Smad signaling and failing to inhibit TLR2-
mediated pro-inflammatory gene expression in the
intestinal epithelium might be a partial mechanism of
IBD developed in IL-10-/- mice.

Because E. faecalis, L. acidophilus and some other
probiotics have different effects on experimental colitis
in wild-type mice rather than in immunodeficient mice,
there should be more immunological mechanisms against

MPO (U/g)

Normal

Model

L. acidophilus
C. butyricum
B. adolescentis
E. faecalis

Figure 6 MPO activity in normal group (0.399 + 0.133 U/g compared with
normal group, model group and SASP treatment group. °P < 0.05 vs normal
group, °P < 0.05 vs model group, °P < 0.05 vs SASP treatment group.
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Figure 7 A-B Level of IL-1 BmRNA. M: Marker; 1: Normal group; 2: Model
group; 3: NS group; 4: SASP treatment group; 5: L. acidophilus treatment
group; 6: C. butyricum treatment group; 7: B. adolescentis treatment group; 8: E.
faecalis treatment group. °P < 0.05 vs normal group; °P < 0.05 vs model group.

experimental colitis except for the signal pathway or
innate immunological mechanism. Some inflammatory
cytokines, especially 1L-1 and 1L-4, are closely related
with the development and progress of experimental
colitis and IBD. IL-1 is secreted by mononuclear
macrophages and high doses of IL-1, especially IL-1f3,
can result in UCPY. IL-4 is synthesized by lamina proptia
intestinal lymphocytes after iz vitro polyclonal activation.
Compared with peripheral lymphocytes, intestinal
epithelial and lamina propria lymphocytes spontaneously
secrete IL.-4*! which can inhibit secretion of IL-1B by
monocytes in a dose-dependent manner?, suggesting
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Figure 8 A-B Level of IL-4 mRNA. M: Marker; 1: Normal group; 2: Model
group; 3: NS group; 4: SASP treatment group; 5: L. acidophilus treatment
group; 6: C. butyricum treatment group; 7: B. adolescentis treatment group; 8:
E. faecalis treatment group. °P < 0.05 vs normal group; °P < 0.05 vs model
group; °P < 0.05 vs SASP treatment group.

that IL-4 has a protective function on regulatiing
immunological reaction in intestinal tract. Our study
showed that the expression of IL-1f was lower in
probiotics treatment groups than in model group, and
similar to that in SASP treatment group. The expression
of 1L-4 in probiotics treatment groups was increased.
The expression of 11.-4 was higher in E. feacalis treatment
group than in treatment SASP group. The general
condition, DAIT scores, histological scores, and MPO
activity were maintained at a parallel level, supporting
the effects of probiotics at cytokine level. Changes in
IL-1 and IL-4 level represent the inflammation degree
of experimental colitis. Our experimental results also
indicate that there should be some other inflammatory
cytokines involved in the difference of adaptive
immunological mechanisms in experimental colitis of
wide-type and immunodeficient mice.

In summary, L. acidophilus, C. butyricum, B. adolescents,
E. faecalis are effective against DSS-induced acute
experimental colitis. Reduced infiltration of neutrophils,
decreased expression of IL-1 and increased expression
of 1L-4 might be a partial immunological mechanism of
probiotics on experimental colitis in mice.

COMMENTS

Background

Ulcerative colitis (UC) is a non-specific chronic inflammation of intestinal tract
and the primary therapies with probiotics are limited by their side-effects,
poor compliance of patients and high relapse rates. Supplement of probiotics
provides a new therapy for UC.

Research frontiers

Bacteria play an important role in pathogenesis of UC. Supplement of probiotics
provide a new therapy for UC. Because of the specific damage site of UC and

the different colonization sites of bacteria, different probiotics display different
effects on UC. A more effective strain of probiotics should be selected for UC.

Innovations and breakthroughs

They compared the effects of four strains of probiotics isolated from healthy
human feces in order to find one or two more effective strains. E. faecalis had
a better effect than the other three strains. Their study showed that E. faecalis
had different effects on experimental colitis in wild-type mice. The experimental
results indicate that there should be some other inflammatory cytokines
involved in experimental colitis of wide-type and immunodeficient mice except
for IL-1 and IL-4.

Applications

The results of their study indicate that there should be some other inflammatory
cytokines involved in experimental colitis of wide-type and immunodeficient
mice except for IL-1 and IL-4.

Peer review

The effects of four strains of probiotics on DSS-induced colonic inflammation
in mice were clarified. The authors showed that the four strains of probiotics
derived from healthy human feces could relieve colonic inflammation as
sulfasalazine. Of the four strains, E. faecalis was most beneficial for DSS-
induced colitis. Methods employed and results obtained are reasonable.
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Abstract

AIM: To study predictive factors of thyroid dysfunction
associated with interferon-alpha (IFNa) therapy in
chronic hepatitis C (CHC) and to describe its long-term
evolution in a large population without previous thyroid
dysfunction.

METHODS: We performed a follow-up of thyroid
function and detection of thyroid antibodies in 301
patients treated for CHC with IFNa from 1999 to 2004.

RESULTS: Thyroid disorder developed in 30/301 (10%)
patients with a mean delay of 6 £ 3.75 mo: 13 patients
had hyperthyroidism, 11 had hypothyroidism, and 6
had biphasic evolution. During a mean follow-up of
41.59 = 15.39 mo, 9 patients with hyperthyroidism,
3 with hypothyroidism, and 4 with biphasic evolution
normalized thyroid function in 7.88 + 5.46 mo. Recovery
rate of dysthyroidism was not modified by treatment
discontinuation, but was better for patients with
negative thyroid antibodies before antiviral treatment (P
= 0.02). Women had significantly more dysthyroidism (P
= 0.05). Positive thyroid peroxidase and thyroglobulin
antibodies were more frequent before antiviral
treatment in patients who developed dysthyroidism (P <
0.0003 and P = 0.0003, respectively). In a multivariate
model, low fibrosis was found to be a predictive factor
of dysthyroidism (2 = 0.039).

CONCLUSION: In this monocentric population of CHC,
dysthyroidism, especially hyperthyroidism, developed
in 10% of patients. Low fibrosis was found to be a
predictive factor of dysthyroidism. Thyroid disorder
recovered in 16/30 patients (53%) and recovery was
better in the non-autoimmune form.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Three alpha interferons and two peg-interferons are
currently commercially available for the treatment of
chronic hepatitis C (CHC). Since 2001, peg-interferons
have been used in association with ribavirin'"?, and
they have become the reference treatment for CHC
since the French consensus conference in 20027, In
the presence or absence of ribavirin, interferon-alpha
(IFNo) has a well-known side effect profile. Some side
effects are common, such as pseudo-flu syndrome,
headaches, myalgia, fever, wasting, leucopoenia or
thrombocytopoenia. Indeed, clinicians often reduce
the dose or sometimes discontinue IFNa in those
patients who develop thyroid dysfunction, thus
possibly compromising the therapeutic response to this
treatment. In 1995, Preziati ez a/” reported that 9.3% of
patients with CHC receiving IFNq, developed thyroid
dysfunction. During the treatment of CHC, IFNa-
induced thyroid dysfunction appears in 3% to 15% of

59 - . . . .
cases”™, with various clinical presentations. In previous
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in certain cases

studies, the number of patients included was insufficient

E2101 " 2nd other studies did not exclude
489.12,13]

patients with a past history of dysthyroidisrn[

However, the long-term course and the risk factors of

thyroid disorder are not well understood®”"¥,

In this single-center study we report on a large

population of patients without previous thyroid
dysfunction who underwent IFN¢q, treatment for CHC.
Our objectives were to describe the prevalence and long-
term course of thyroid disorder in this population and
to assess the factors that are predictive of dysthyroidism.

MATERIALS AND METHODS

Patients

We studied all patients with CHC, treated with IFNa
from January, 1999 to May, 2004 at the Department
of Hepatology and Gastroenterology at Bicétre
Hospital (Kremlin-Bicétre, France). Patients with
human immunodeficiency virus or hepatitis B virus co-
infection, hemophiliacs and patients with a past history
of thyroid disorder were systematically excluded. Before
2002, a liver biopsy was performed in each patient in
order to evaluate inflammatory activity and the stage

of liver fibrosis measured by the Metavir score'”. Since

2002, liver biopsy was performed only in patients with
genotype 1, 4 or 5. Patients received standard interferon
alpha (2a), 3 MU subcutaneously thrice weekly, peg-
interferon alpha (2b) (Viraferon peg®, Schering
Plough, NJ, USA) 1.5 ug per kilogram of body weight
subcutaneously once weekly or peg-interferon alpha (2a)
(Pegasys®, Hoffmann-La Roche, L.td, Switzerland) 180 pg
subcutaneously once weekly, with or without 800 mg
to 1200 mg of ribavirin per day. Thyroid-stimulating
hormone (TSH) was measured before and every eight
weeks during the antiviral treatment. Therapeutic
follow-up of thyroid disorder was then performed until
June, 2006. Thyroid peroxidase antibodies (TPOAD),
thyroglobulin antibodies (TgAb) and thyroid-stimulating
hormone receptor antibodies (TSHRAD) were measured
before the start of antiviral treatment and after the
diagnosis of thyroid disorder as necessary.

Methods

The diagnosis of CHC was based on positive hepatitis C
virus antibodies assessed by a second or third generation
enzyme immunoassay. Hepatitis C virus RNA was
measured by polymerase chain reaction amplification of
viral RNA from serum. Viral genotypes were determined
using a hybridization technique (INNO-LIPA HCV,
Innogenetics, Gent, Belgium). The serum levels of TSH
were measured using the AutoDELFIA™ TSH Ultra
assay (sensitivity 0.03 MIU/L, total analytical variation
< 5%) from Wallacoy, Turku, Finland. The normal TSH
range in our laboratory was 0.3-4.0 MIU/L. The serum
levels of TPOAD, TgAb and TSHRADb were measured
using radioimmunoassays or radioimmunometric assays.
The normal ranges in our laboratory were TPOAb <

60 IU/L, TgAb < 60 IU/L and TSHRADb < 5 TU/L.

Thyroid dysfunction was diagnosed when TSH

Characteristics Total group (7 = 301)

Age' (yr) 48.27 £11.79
Gender (%, M/F) 57.5/42.5
Contamination mode (%)
Tranfusion 27.2
Drug-addict 26.9
Blood exposure accident 7.6
Others 38.2
Genotype (% with1/2/3/4/5/ND) 35/11/18/8/2/26
Stage of fibrosis (% with stage 0/1/2/3/4/ND) 1/11/42/20/20/6
Type of treatment (%)
With IFNa. 3.3
Peg-interferon 9.0
IFNa + ribavirin 27.2
Peg-interferon + ribavirin 60.4
Duration of treatment (mo)' 791+3.78
TSH before treatment (MIU /L)' 1.54+1.25
Positive antibodies before treatment
TPOADb 12/229
TGAb 8/227
TSHRAb 1/95

ND: Not determined. 'mean * SD.

level was either < 0.3 MIU/L (hyperthyroidism) or >
4.0 MIU/L (hypothyroidism) by two successive tests.
Thyroid ultrasonography ot thyroid scintigraphy was
performed according to the clinical judgement of the
endocrinologist. We have previously found three profiles
of dysthyroidism: hyperthyroidism, hypothyroidism and
a short hyper-followed by long hypothyroidism classically

named biphasic evolution™*'".

Statistical analysis
The predictive values of the following factors were
analyzed: patients age at onset of the antiviral treatment,
gender, mode of contamination, viral load and genotype,
grade of histological fibrosis, type and duration of the
antiviral therapy, TSH levels and the presence of TgAb,
TPOAD or TSHRAD before the antiviral treatment.
Descriptive statistics were obtained using the Kruskal-
Wallis test as appropriate, followed by a multivariate
logistic regression analysis. A two-tailed P value < 0.05
was considered significant. Data analysis was performed
using the EPI-Info Statistical Package (version 3.2.2).

RESULTS

Characteristics of the study population

The main characteristics of the 301 studied patients
are shown in Table 1. Genotype status was known in
224 (74%) of 301 patients, as it was not known for the
patients treated before 2002. The stage of fibrosis based
on the Metavir score was obtained for 94% of patients.
Patients with genotype 2 or 3 treated after 2002 did not
have systematic evaluation of fibrosis before antiviral
treatment. 247 (87%) of the patients who had a biopsy,
had moderate or severe fibrosis (equal to or more than
F2). In the inclusion petiod, from 1999 to 2004, there
was heterogeneity in the antiviral treatment. However,
the majority (60.4%) of the study population received
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Type of dysthyroidism of normalisation

Discontinued treatment

Normalisation =~ Mean delay (mo)

Hyperthyroidism 13
Silent thyroiditis 5
Graves’ disease 4
NC 2
Triphasic evolution 2

Hypothyroidism 11
Autoimmune 10
NC 1

Biphasic evolution 6

7.44 +7.05'

6.80 +3.70"
5

2.00+1.41"
24

10.67 + 4.04'

850+2.12"
15

10.75 + 5.50"

el
el

W R U= NN R
B RN W R N RO

NC: Not classified. 'mean + SD.

peg-interferon alpha and ribavirin bitherapy. The TSH
level before the antiviral treatment was known for all
studied patients and was within normal ranges.

Prevalence of thyroid dysfunction during the antiviral
treatment

Amongst the 301 patients with CHC, 30 (10%)
developed biochemical thyroid dysfunction (TSH < 0.3
or > 4.0 MIU/L) during the antiviral treatment, 17
women and 13 men. Hyperthyroidism was seen in 13
(43%) of the 30 cases, hypothyroidism in 11 (37%)
and biphasic evolution in 6 (20%). Table 2 shows the
prevalence and classification of the thyroid disorders.
The investigative work-up performed for each case
with thyroid dysfunction, classified 11 of the 13
patients with hyperthyroidism as Graves’ disease,
silent thyroiditis or triphasic evolution, and 10 of
the 11 patients with hypothyroidism as autoimmune
hypothyroidism. Graves’ disease was defined by the
presence of clinical hyperthyroidism with positive
TSHRAD and diffusely increased radioactive iodine
intake on thyroid scintigraphy. Silent thyroiditis was
defined by thyrotoxicosis, no tender goitre, and
markedly decreased radioactive iodine intake on thyroid
scintigraphy. Cases of “triphasic evolution” were defined
as reported by Bohbot ¢z a/in 2006"" (unusual evolution
of silent thyroiditis to Graves’ disease). Autoimmune
hypothyroidism was defined by positive TgAb and/or
TPOAD associated with clinical hypothyroidism.

Long-term course of dysthyroidism

Dysthyroidism occurred at an average of 6 = 3.75 mo
after the beginning of antiviral treatment. The evolution
of the different profiles of dysthyroidism was desctibed
(Table 2) during a long-term follow-up (41.59 *
15.35 mo) after the diagnosis of dysthyroidism. We
observed that practitioners did not have the same
attitude with respect to the evolution of dysthyroidism
because the antiviral treatment was more frequently
discontinued in hyperthyroidism (69%) than in
hypothyroidism (55%) or biphasic evolution (50%).
Four patients with hyperthyroidism did not requitre
discontinuation of antiviral treatment. Among them,
1 patient presented with transient Graves’ disease and
another died before the end of follow up, 1 patient
continued the antiviral treatment for only one month

because hyperthyroidism occurred at the end of antiviral
treatment and the type of hyperthyroidism could not
be classified in 1 patient. Hypothyroidism that needed
discontinuation of antiviral treatment was mote
frequently autoimmune hypothyroidism with TSH >
50 MIU/L except in 3 patients (1 with not classified with
hypothyroidism and 2 with moderate elevation of TSH).
Concerning therapeutic normalisation, no difference
was observed regarding the discontinuation of antiviral
treatment (56.6% »s 50.0%, NS). Treatment for thyroid
disease was administered to 14 symptomatic patients
(5 patients received carbimazole and 9 levothyroxine).

Prevalence of positive thyroid antibodies before antiviral
treatment

Amongst the patients tested for TPOADb (# = 229),
TgAb (» = 227) and TSHRAbD (# = 94) before antiviral
treatment, 12 (5%) were found to be positive for
TPOADb (> 60 TU/L), 8 (3%) positive for TgAb (>
60 IU/L), and only 1 (1%) for TSHRADb (>5 IU/L).
None of these patients had thyroid disorder before
the introduction of IFNa. 7/12 patients with positive
TPOAD and 4/8 patients with positive TgAb developed
thyroid disorder during the antiviral treatment. The
patients who had positive pretherapeutic TSHRAD did
not develop Graves’ disease. Regarding the presence
of autoantibodies, IFNo induced-thyroid disease was
classified as “autoimmune form” and “non-autoimmune
form” similar to Mandac ez a/'". The autoimmune
form was defined by the development of thyroid
antibodies with or without clinical disease, including
both autoimmune hypothyroidism and Graves’ disease.
The non-autoimmune form was defined by destructive
thyroiditis or hypothyroidism with negative thyroid
antibodies. We observed that patient recovery was
significantly better in the non-autoimmune form than in
the autoimmune form (33.3% w5 66.7%, P = 0.02).

Prediction of thyroid dysfunction

As shown in Table 3, we initially performed a
univariate analysis using eight covariates (age, gender,
contamination mode, genotype, stage of histological
fibrosis, type of antiviral treatment [monotherapy with
standard IFNo or peg-interferon versus combination
of standard IFNo ot peg-interferon with ribavirin| and
duration, positive autoantibodies before the antiviral
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With dysthyroidism Without dysthyroidism P

Age' (yr) 46.20 +10.08 48.49 +11.96 0.40
Female (%) 56.9 409 0.05
Contamination mode (%) 0.33

Transfusion 33.3 26.6

Drug-addict 20.0 27.7

Blood exposure accident 133 7.0

Others 333 38.7
Genotype (%,1/2/3/4/5/6/ND) 57/13/13/0/0/0/17 33/11/20/9/1/0/26 0.20
Stage of fibrosis < F2 (%) 30.0 103 0.009
Type of treatment (%) 0.47

IFNo 33 83

Peg-interferon 6.7 9.3

IFNa + ribavirin 16.7 28.5

Peg-interferon + ribavirin 733 58.9
Duration of treatment' (mo ) 7.73 +3.64 8.09+£3.93 0.30
Positive antibodies before treatment (%)

TPOAb 26.9 25 < 0.0003

TgAb 18.5 15 0.0003

TSHRADb 0.0 13 0.42

ND: Not determined. 'mean #* SD.

treatment: TPOAD, TgAb and TSHRADb). Four covariates
were associated with dysthyroidism (gender, stage
of histological fibrosis, positive TPOAb and TgAb).
Secondly, in a multivariate logistic regression analysis
of predictive factors of dysthyroidism using those
four covariates, one predictive factor was found. The
index of fibrosis was significantly less for patients with
dysthyroidism than for patients without dysthyroidism.
The stage of fibrosis was less than 2 units (mild fibrosis)
in 30.0% of patients with dysthyroidism »s 10.3% of
patients without dysthyroidism (OR, 0.56; 95% IC,
0.33-0.97; P = 0.039). There was a non significant trend
towards positive TPOAb before antiviral treatment for
patients with dysthyroidism. Amongst patients with
positive TPOAb before antiviral treatment, 7 (26.9%)
developed dysthyroidism »s 5 (2.5%) who did not (OR,
5.31; 95% IC, 0.80-35.16; P = 0.083).

DISCUSSION

The prevalence of thyroid dysfunction during IFNa
therapy for CHC was 10% in our series. Amongst the
301 patients with CHC, hyperthyroidism was more
frequent (13/30) than hypothyroidism or biphasic
evolution. The mean follow-up of thyroid disorder
in our study was 41.59 * 15.39 mo, 53% of patients
recovered from thyroid disease without a difference
regarding the discontinuation of antiviral treatment.
Mild fibrosis was found to be an independent predictive
factor of dysthyroidism during antiviral treatment.

Our single center study included a large population
of 301 patients with CHC and we performed a long
term follow-up of these patients, not only during
the antiviral treatment, but also after treatment, to
detect dysthyroidism in patients who had no previous
thyroid dysfunction. Although the patient data were
retrospective, the follow-up data were partly prospective.
This may explain some of the heterogeneity in the

type of antiviral treatment used. In addition, the
conditions under which the antiviral treatment was
stopped when dysthyroidism developed were not well
defined. We evaluated the presence of positive thyroid
antibodies using the same methods in all patients, and an
investigative work-up of the pathology was performed
for each case of thyroid dysfunction.

The prevalence of hyperthyroidism found in our
study (43% vs 37% hypothyroidism) is unusual. Previous
studies have reported more hypothyroidism (two out of
the three cases) than hyperthyroidism (one out of the
three cases)!"”! with the exception of Benelhadj ef al”
and Hsieh ¢ al'". Hsich ez a/™" explained this difference
as being related to the population’s eating habits, yet
our study population was not particularly exposed
to an increased risk of dysthyroidism due to eating
habits. Benelhadj ez al” did not explain this difference
as only 6 patients developed thyroid dysfunction. The
discrepancy may be partly explained by the findings
of several other studies including silent thyroiditis
developing into hypothyroidism or biphasic evolution
whereas this disease usually begins with hyperthyroidism.
Furthermore, in our series, hyperthyroidism cases
included 30% (4/13) with Graves’ disease, which is in
the same range as a previously published series™.

In accordance with the presence of at least one
thyroid antibody, we classified thyroid disorder, as
autoimmune and non-autoimmune, which seemed to
be predictive of the evolution of dysthyroidism. In this
study we should have based the autoimmune form on at
least one positive thyroid antibody rather than consider
each positive antibody separately. Three of the four cases
of Graves’ disease developed following IFNa therapy
and did not recover after the end of the antiviral therapy.
This suggests that IFNq triggered the development
of Graves’ disease in predisposed individuals®”. In
silent thyroiditis, which is a non-autoimmune IFNa.-
induced thyroiditis, four patients recovered without
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the addition of specific treatment when interferon was
discontinued and one recovered without discontinuing
antiviral treatment. This suggests that the autoimmune
mechanism is more deleterious in IFNa-induced
thyroid disease. Among the eleven hypothyroidism
patients, therapeutic normalisation was obtained in 3
(27%) within 10.67 * 4.04 mo. Also, the patients who
developed autoimmune forms of hypothyroidism, such
as autoimmune hypothyroidism, did not recover after
cessation of IFNq treatment and systematically needed
T4 replacement during the follow-up.

In the multivariate analysis, one factor was significantly
correlated with the development of dysthyroidism during
antiviral treatment: the stage of fibrosis below the F2
Metavir score. However, patients treated with IFNg, had
more severe fibrosis (82% of patients with a stage of
fibrosis equal to or above F2). Perhaps this was correlated
to the variability in the autoimmune response to hepatitis
C virus infection, however, this predictive factor will
require further study. Surprisingly, the presence of
TPOAD before the introduction of antiviral treatment was
not significant in the multivariate model whereas it was
in the univariate analysis; this may have been due to the
small number of patients with positive antibodies. Kabbaj
et al””, found three predictive factors for dysthyroidism
in a univariate analysis: female gender, positive anti TPO
antibodies before antiviral treatment and TSH before
antiviral treatment (even if it was still in the normal
ranges). We do not understand why the variable “stage of
fibrosis under F2” is mentioned in the statistical analysis
because only patients with fibrosis equal or more than F2
were treated. Kee ¢ a/”, found that only female gender
was predictive of dysthyroidism in a multivariate model.
Thyroid microsomal antibody was found to be predictive
of thyroid disease in a case-control study. There were
no significant differences between thyroid dysfunction
patients in the case-control study with respect to liver
inflammation and fibrosis grade, however, the authors
used the Knodell score which does not distinguish activity
and fibrosis.

Some practical guidelines may be drawn from
this study: the TPOAD state should be determined
in patients before introducing IFNq and a regular
follow-up of TSH every two mo or less is needed in
patients with a risk of dysthyroidism (low fibrosis,
female gender, positive TPOAD). Finally, two distinct
mechanisms are described in the development of thyroid
disorder during IFNq, therapy: autoimmune and non-
autoimmune-induced thyroid dysfunction. With regard
to our results, the autoimmune form seems to have
more severe consequences and longer evolution, which
indicates the importance of eatly detection, in order to
adapt the follow-up of thyroid function and therapy
without discontinuing the antiviral treatment, since the
discontinuation of antiviral treatment seems to have no
predictive value on the evolution of dysthyroidism.
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Background

Alpha interferons and peg-interferons have successively become the reference
treatment for chronic hepatitis C with or without ribavirin. They have both
induced thyroid dysfunction in 3% to 15% of cases. Indeed, clinicians often
reduce the dose or sometimes discontinue interferon-alpha (IFNc) in patients
who develop thyroid dysfunction, thus possibly compromising the therapeutic
response to this treatment. In previous studies, the number of patients included
was insufficient in certain cases, and other studies did not exclude patients with
a past history of dysthyroidism. However, the long-term course and the risk
factors for thyroid disorder are not well understood.
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Despite the role of IFNa., the pathogenesis of thyroid disease remains
uncertain; also it seems to be related to an immunologic predisposition.
Therefore, the authors tried to determine the risk factors which influence thyroid
dysfunction.
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Two distinct mechanisms are described for the development of thyroid
disorder during IFNo therapy: autoimmune and non-autoimmune- induced
thyroid dysfunction. With regard to our results, the autoimmune form seems
to have more severe consequences and longer evolution, which indicates
the importance of early detection, in order to adapt the follow-up of thyroid
function and therapy without discontinuing the antiviral treatment, since
the discontinuation of antiviral treatment seems to have no predictive value
on the evolution of dysthyroidism. Furthermore, the stage of fibrosis below
the F2 Metavir score was significantly correlated with the development of
dysthyroidism during antiviral treatment. We hypothesized that low fibrosis,
associated with better HCV response, was also associated with autoimmune
activation, including the development of anti-thyroid autoantibodies.
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Some practical guidelines may be drawn from this study: the TPOADb state in
patients should be determined before introducing IFNa and a regular follow-up
of TSH every two mo or less is needed in patients with a risk of dysthyroidism
(low fibrosis, female gender, positive TPOAb).
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Abstract

AIM: To determine the prevalence and characteristics
of bile reflux in gastroesophageal reflux disease (GERD)
patients with persistent symptoms who are non-
responsive to medical therapy.

METHODS: Sixty-five patients (40 male, 25 female;
mean age, 50 + 7.8 years) who continued to report
symptoms after 8 wk of high-dose proton pump
inhibitor (PPI) therapy, as well as 18 patients with
Barrett's esophagus, were studied. All patients filled out
symptom questionnaires and underwent endoscopy,
manometry and combined pH-metry and bilimetry.

RESULTS: There were 4 groups of patients: 22 (26.5%)
without esophagitis, 24 (28.9%) grade A-B esophagitis,
19 (22.8%) grade C-D and 18 (21.6%) Barrett’s
esophagus. Heartburn was present in 71 patients
(85.5%) and regurgitation in 55 (66.2%), with 44 (53%)
reporting simultaneous heartburn and regurgitation. The
prevalence of pathologic acid reflux in the groups without
esophagitis and with grades A-B and C-D esophagitis was
45.4%, 66.6% and 73.6%, respectively. The prevalence
of pathologic bilirubin exposure in these 3 groups was
53.3%, 75% and 78.9%, respectively. The overall
prevalence of bile reflux in non-responsive patients was
68.7%. Pathologic acid and bile reflux was observed
in 22.7% and 58.1% of non-esophagitic patients and
esophagitic patients, respectively.

CONCLUSION: The high percentage of patients poorly
responsive to PPI therapy may result from poor control
of duodenogastroesophageal reflux. Many patients
without esophagitis have simultaneous acid and bile
reflux, which increases with increasing esophagitis
grade.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

As a result of their strong acid suppression, proton
pump inhibitors (PPIs) have been used to treat most
patients with gastroesophageal reflux disease (GERD) -1,
Acid reflux is the main risk factor for GERD, with pH-
metry being the standard method used in the diagnosis
of GERD. Many patients with typical GERD symptoms,
however, have been found to have a negative pH-
metrylﬁj; these patients have been found to differ in
symptoms, response to medical therapy, and endoscopy
results from patients with positive pH-metry.

Although the role of acid reflux in GERD has been
established, and links between acid and bile reflux have
been found, less is known about the role of bile in the
pathogenesis of esophageal mucosal damage. Thus, the
incidence of GERD, its clinical impact, etiology, evolution
and therapeutic implications cannot be determined
directly. This limitation, however, was improved by the
introduction of bilimetry in clinical practicem. This
method uses spectrophotometric analysis to measure the
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presence of bilirubin in the refluxate, thus providing a
direct and reliable measurement of bile reflux.

The combination of pH-metry and bilimetry
has increased the sensitivity and accuracy of GERD
diagnosis and has shown that increased bile reflux is
correlated with increased severity of esophagitism’g}.
Moreover, other authors showed that a high percentage
of GERD patients, pootly responsive to PPI therapy,
had mixed acid and bile reflux, or isolated bile reflux"".
To expand these investigations, we evaluated the
prevalence and characteristics of bile reflux in GERD
patients with persistent symptoms who were non-
responsive to medical therapy.

MATERIALS AND METHODS

Patients

Of 230 patients with heartburn and regurgitation
evaluated between January, 2002 and July, 2006, 65 (40
male, 25 female; mean age, 50 + 7.8 years) continued to
report symptoms after 8 wk of high-dose PPI therapy
(40 mg esomeprazole bid). In addition, 18 patients with
Barrett’s esophagus were included. All patients were
administered symptom questionnaires and underwent
endoscopy, perfused esophageal manometry and
combined 24-h esophago-gastric pH-bilimetry.

Endoscopy (EGDS)

The presence of esophagitis was classified according to
the Los Angeles Classification'". The presence of hiatal
hernia was determined and esophageal biopsies were
used to diagnose Barrett’s esophagus.

Perfused esophageal manometry

Manometric evaluation was made without sedation after
1 wk of pharmacologic wash-out and an overnight fast.
An 8-channel manometric device (Menfis Biomedical
Inc. Bologne, Italy) connected to a low compliance
hydro-pump (Arndorfer Medical Specialties, Greendale,
Wisconsin, USA) was used. The 8 open tip (4 radial
and 4 longitudinal) manometric probe was inserted
through the nose into the stomach and lower esophageal
sphincter (LES) parameters (pressure, length and
postdeglutitive relaxation) were evaluated by a rapid and
stationary pull-through technique. Esophageal motor
activity (amplitude and duration of waves, percentage of
peristaltic and simultaneous post-deglutitive sequences)
was evaluated with stationary pull-through after 20 wet
and dry swallows.

Twenty-four hours esophago-gastric pH-metry

We performed this test after 1 wk of pharmacologic
wash-out. We used a two channel portable recorder
(Menfis Biomedical Inc., Bologna, Italy) connected to
two glass pH-metric probes (Telemedicine stl., Naples
Italy), which were introduced through the nose without
any sedation, and placed 5 cm above and 10 cm below
the upper and the lower edge of the LES, respectively.
The percentage of total time of exposure to pH < 4
(normal value < 4.2%) was determined.

Twenty-four hours esophago-gastric bilimetry

Bilimetric evaluation was performed simultaneously with
pH-metry. We utilized a portable recorder (BILITEC
2000, Sinectics Medical Inc.) connected to two optic-
fiber probes placed 5 cm above and 10 cm below the
upper and the lower edge of the LES, respectively.
The percentage of total time of esophageal bilirubin
absorbance > 0.14 (normal value < 7%) was determined.

Ethics committee approval

The ethics committee of the Second University of
Naples approved our study and verbal consent was
obtained from the study participants.

Statistical analysis

Values are expressed as mean + SD. Data were compared
using Student’s #test, Fischer’s exact test, or the Chi-
square test wherever appropriate. A P-value less than 0.05
was considered statistically significant.

RESULTS
Endoscopy

Endoscopic evaluation divided the 83 patients into 4
groups. Group [ consisted of 22 (26.5%) non-esophagitic
patients, Group Il consisted of 24 patients (28.9%) with
grade A-B esophagitis, Group Il consisted of 19 patients
(22.8%) with grade C-D esophagitis, and Group IV
consisted of 18 patients (21.6%) with Barrett’s esophagus;
of the latter, nine had short segment Barrett’s esophagus
(SSBE) and nine had long segment Barrett’s esophagus
(LSBE, Figure 1). Of the 83 patients, 61 (73.4%) had a
hiatal hernia.

Symptoms

The analysis of the symptoms questionnaire showed
that 71 patients (85.5%) had heartburn, 55 (66.2%) had
regurgitation, and 44 (53%) had simultaneous heartburn
and regurgitation. Twelve patients (14.4%) reported
nocturnal cough and 7 (8.4%) reported chest pains.
Analysis of symptom scores showed no significant
between group differences. In contrast, symptom
history was significantly higher in Group Il than in
Groups [ and II, but not between Barrett’s patients

(Figure 2).

Manometric data
Hypotonic LES was observed in 8 of 22 (36.3%)
Group 1, 14 of 24 (58.3%) Group Il and 14/19 (73.7%)
Group Il patients (Group [ »s Group II: P = 0.0279).
Hypotonic LES was also present in 8 of 9 (88.8%)
LSBE and 7 of 9 (77.7%) SSBE patients. Mean LES-P
in Group 1 (13.91 *+ 4.8 mmHg) was significantly higher
than in Groups II (9.2 £ 2.2 mmHg, P < 0.001), and
I (8.6 £ 2.8 mmHg, P < 0.001) and in SSBE (9.2 *
3.4 mmHg, P = 0.0056) and LSBE (7.1 * 1.6 mmHg, P
< 0.001) patients.

Five of the 22 (22.7%) patients in Group | showed
ineffective esophageal motility, increasing to 50%
(12/24) in Group T and to 73.6% (14/19) Group II.
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Figure 1 Endoscopy evaluation in 83 gastroesophageal reflux disease No esofagitis Grade A-B  Grade C-D  SSBE LSBE

(GERD) patients. SSBE: Short segment Barrett's esophagus; LSBE: Long
segment Barrett's esophagus.
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Figure 2 Symptoms. Mean duration of symptoms history in each group of
GERD patients (mean + SD, Fisher’s exact test).
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Figure 3 Manometry. Percentage with hypotonic lower esophageal sphincter
(LES), Short LES and ineffective esophageal motility in each group of GERD
patients (mean + SD, Fisher’s exact test).

In comparison, 5 of 9 SSBE (55.5%) and 8 of 9 (88.8%)
LSBE patients showed ineffective esophageal motility

(Figure 3).

pH-metric evaluation
The prevalence of pathologic acid reflux increased
relative to esophagitis, from 45.4% (10/22) in Group
I, to 66.6% (16/24) in Group I and 73.6% (14/19) in
Group III. Six of 9 (66.6%) SSBE and 7 of 9 (77.7%)
LSBE patients showed pathologic pH-metry (Figure 4).
Relative time at pH < 4 was 5.1 * 2.7% in non-
esophagitic (Group 1) patients, increasing to 7.03 *

Figure 4 pH-metry. Number and percentage of pathologic and normal pH-
metry in each group of GERD patients.
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Figure 5 Esophageal acid exposure. Mean value of total time of esophageal
exposure at pH < 4 in each group of GERD patients (mean + SD).

3.6% (P > 0.05) in Group II and 7.2 + 0.24% (P >
0.05) in Group II. In contrast, both the SSBE (9.8 *
5.1%, P = 0.0022) and LSBE (15.5 £ 7.7%, P < 0.0001)
groups had significantly more time at pH < 4 than did
Group I (Figure 5).

Bilimetric evaluation

Pathologic bilirubin exposure was observed in 9 of 22
(53.3%) Group 1, 18 of 24 (75%) Group II and 15 of
19 (78.9%) Group Il patients, as well as in 7 of 9 (77.7%)
SSBE and 8 of 9 (88.8%) LSBE patients (Figure 6). The
global prevalence of patients non-responsive to PPI
therapy was 68.7% (57/83).

Mean time of bile absorbance > 0.14 in all patients
was 16.9 + 4.6%, 9.2 + 5.2% in Group I, 10.9 + 4.6%
in Group I, 16.3 £ 6.3% in Group I, 15.8 £ 6.7% in
SSBE and 19.9 * 6.2% in LSBE (Figure 7).

Combined pH-bilimetry evaluation

The analysis of combined pH-metry and bilimetry
showed that 8 of 22 (36.4%) non-esophagitic patients
and only 5 of 43 (11.6%) esophagitic patients [3 of 24
(12.5%) in Group II and 2 of 19 (10.5%) in Group II]
had both values within the normal range. None of the
18 Barrett’s patients had normal esophageal exposure to
acid and bile.

Pathological bilimetry associated with normal pH-
metry was observed in 4 of 22 (18.2%) non-esophagitic
and 8 of 43 (18.6%) esophagitic patients [5 of 24 (20.8%)
in Group Il and 3 of 19 (15.8%) in Group IlI], as well

www.wjgnet.com



Monaco L et a/. Bile reflux in uncontrolled GERD 337
[ Pathologic [] Normal [ pH-bil- [ pH+ bil- ] pH-bil+ [ pH+ bil+
100 - 100 -
1
6 4 2 9| 5
~ 80F L
g B Sh 13 4
Y S 700 4 12 6
g g
% 60 - an-J: 60
g 8 g 50
15
?§ 40 18 7 240 . 3
3 g 30f 3
9 €
EP 2 20+ 2
8
10+
ol [533% | | 75% | | |[789% | | 72.7% 88.8% 0 15 N B
No esofagitis Grade A-B  Grade C-D ~ SSBE LSBE No esofagitis Grade A-B Grade C-D  SSBE LSBE
(22) (24) (19) 9) ©)]

Figure 6 Bilimetry. Number and percentage of pathologic and normal bilimetry
in each group of GERD patients.
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Figure 7 Esophageal bile exposure. Mean value of total time of esophageal
bilirubin absorbance > 0.14 in each group of GERD patients (mean + SD).

as in 3 of 9 (33.3%) SSBE and 2 of 9 (22.2%) LSBE
patients.

Conversely, pathological pH-metry associated with
normal bilimetry was observed in 5 of 22 (22.7%) non-
esophagitic and 5 of 43 (11.6%) esophagitic patients
(3 of 24 (12.5%) in Group II and 2 of 19 (10/5%) in
Group 1II), as well as in 2 of 9 (22.2%) SSBE and 1 of 9
(11.1%) LSBE patients.

Pathologic bilimetry and pathologic pH-metry were
observed in 5 of 22 (22.7%) non-esophagitic and 25
of 43 (58.1%) esophagitic patients [13 of 24 (54.2%) in
Group II and 12 of 19 (66.1%) in Group II], as well
as in 4 of 9 (44.4%) SSBE and 6 of 9 (66.7%) LSBE
patients (Figure 8).

DISCUSSION

Although the introduction of PPIs has improved
outcomes in GERD patients, a significant number of
patients treated with a high dosage of PPIs (40 mg bid)
show no improvements in symptoms or esophagitis. Of
patients who do not respond to PPI therapy, however,
only 37% show pathological pH-metry results"”. In
contrast, the combination of pH-metry and bilimetry
showed pathological results in 70% of patients, thus
improving the sensitivity of detection of reflux by 35%.
These outcomes are important for the management of
GERD patients, in that the constant presence of GERD
symptoms, as documented by pH-metry, are probably
caused by the incomplete acid-secretion control of the

Figure 8 Combined pH-metry and bilimetry evaluation. Number and
percentage of various associations of pH-metry and bilimetry in each group of
patients.

PPI drugs. The presence of biliary reflux, as documented
by bilimetry, suggests that the PPIs are unable to inhibit
bile secretion. Persistent symptoms in patients without
any documented evidence of acid and/or bile reflux
suggests that these patients may be suffering from a less
common disease, such as hypersensitive esophagus, or
that these symptoms arise from psychiatric causes' .

In this study, we analyzed patients non-responsive to
an 8 wk course of high-dosage PPI therapy. In addition
to assessing the presence of both acid and bile reflux,
we assessed the features and duration of symptoms
and the esophageal motor pattern. Our overall goal was
to identify characteristics that could be linked to the
persistent symptoms and typical lesions of GERD. We
found that a high percentage of patients (36%) were
poorly responsive to PPI therapy. When associated
with a long symptom history, this characteristic showed
a strong correlation with the presence of esophagitis.
Compared with patients without esophagitis, those with
esophagitis showed a significantly longer history of
symptoms, but there was no differences in severity"” .

Functionally, manometric analysis has shown that
hypotonic and short lower esophageal sphincter was
correlated with esophagitis, with hypotonic and short
LES having a strong influence on the natural history
of GERD!""", We found that these manometric
alterations were present in only 36% of patients
without esophagitis, increasing to 60% in patients with
grade A-B esophagitis and to 70% in patients with
grade C-D esophagitis. Moreover, in agreement with
findings showing that effective esophageal motility
(non peristaltic sequences and waves with amplitude <
15 mmHg) is important"*"”
esophageal motility, while infrequent in non-esophagitic
patients (22%), increased to 50% in patients with grade
A-B esophagitis and to 73% in patients with grade C-D
esophagitis.

Our findings also showed that a high percentage of
GERD patients pootly responsive to PPIs have biliary
reflux. We found that a high percentage (53.3%) off
non-esophagitic GERD patients had pathologic bile
reflux, increasing to 70% in esophagitic patients. In

, we found that ineffective
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addition, the percentage of total time of bile absorbance
> 0.14 was associated with esophagitis severity.

It is important to emphasize that patients with severe
GERD (i.e. presence of esophagitis and/or Barrett’s
esophagus) showed a significant increase in simultaneous
bile and acid reflux relative to that in non-esophagitic
GERD patients. Thus, in these patients, the esophageal
mucosa is simultaneously exposed to the harmful effects
of gastric and duodenal juice, with increased damage
correlated with increased exposure. Similarly, animal
models have shown that simultaneous exposure of the
esophageal mucosa to both acid and bile reflux results in
greater mucosal damage than exposure to isolated acid
or bile reflux"”. Moreover, while taurocholate does not
cause mucosal damage at neutral pH, it does so at acid
pH, as evidenced by ionic permeability studies'”.

On the contrary, the presence of a pathologic bile
test without pathologic acid reflux, which was quite
common in non-esophagitic patients and those with
Grade A-B esophagitis, was observed in only 30% of
patients with grade C-D esophagitis. This shows how the
evolution of GERD to a more severe grade is influenced
not only by acid reflux, but also by the association of
acid reflux with duodenogastroesophageal reflux disease.

COMMENTS

Background

The available literature suggests that proton pump inhibitors (PPIs) are less
efficacious in normalizing duodeno gastroesophageal reflux disease (DGERD),
compared with their effect on acid reflux, in contrast to reflux surgery that has
shown to adequately suppress both esophageal acid and bile exposure.

Research frontiers

This study clearly shows that the high percentage of patients poorly responsive
to PPI therapy may result from poor control of DGERD. Many patients without
esophagitis have simultaneous acid and bile reflux, which increases with
increasing esophagitis grade.

Applications

Laparoscopic anti-reflux surgery seems to be the treatment of choice, being
effective in suppressing both acid and bilirubin exposure.

Peer review

In this manuscript, the authors ascertained that many PPI-resistant GERD
patients have simultaneous acid and bile reflux, which increases with increasing
esophagitis grade. The study was well performed and the conclusion was clear.
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Abstract

AIM: To test whether clamping during liver surgery
predisposes to hepatic vein thrombosis.

METHODS: We performed a retrospective analysis
of 210 patients who underwent liver resection
with simultaneous inflow and outflow occlusion.
Intraoperatively, flow in the hepatic veins was assessed
by Doppler ultrasonography during the reperfusion
phase. Postoperatively, patency of the hepatic veins
was assessed by contrast-enhanced CT angiography,
when necessary after 3-6 mo follow up.

RESULTS: Twelve patients (5.7%) developed
intraoperative liver remnant swelling. However,
intraoperative ultrasonography did not reveal
evidence of hepatic vein thrombosis. In three of
these patients a kinking of the common trunk of
the middle and left hepatic veins hindering outflow
was recognized and was managed successfully by

suturing the liver remnant to the diaphragm. Twenty
three patients (10.9%) who developed signs of mild
outflow obstruction postoperatively, had no evidence
of thrombi in the hepatic veins or flow disturbances
on ultrasonography and contrast-enhanced CT
angiography, while hospitalized. Long term assessment
of the patency of the hepatic veins over a 3-6 mo
follow-up period did not reveal thrombi formation or
clinical manifestations of outflow obstruction.

CONCLUSION: Extrahepatic dissection and clamping
of the hepatic veins does not predispose to clinically
important thrombosis.

© 2009 The WG Press and Baishideng. All rights reserved.

Key words: CT-angiography; Doppler ultrasound; Liver
resection; Pringle maneuver; Radiofrequency; Selective
hepatic vascular exclusion

Peer reviewers: David Cronin II, MD, PhD, FACS, Associate
Professor, Department of Surgery, Yale University School of
Medicine, 330 Cedar Street, FMB 116, PO Box 208062, New
Haven, Connecticut 06520-8062, United States; Kazuhiro
Hanazaki, MD, Professor and Chairman, Department of
Surgery, Kochi Medical School, Kochi University, Kohasu,
Okohcho, Nankoku, Kochi 783-8505, Japan

Arkadopoulos N, Stafyla V, Marinis A, Koutoulidis V,
Theodoraki K, Theodosopoulos T, Vassiliou I, Dafnios N,
Fragulidis G, Smyrniotis V. Does clamping during liver surgery
predispose to thrombosis of the hepatic veins? Analysis of 210
cases. World J Gastroenterol 2009; 15(3): 339-343 Available
from: URL: http://www.wjgnet.com/1007-9327/15/339.asp
DOI: http://dx.doi.org/10.3748/wjg.15.339

INTRODUCTION

Vascular control during liver resection typically
involves hepatic inflow occlusion, either continuous or
intermittent. However, more complex resections may
require both inflow and outflow occlusion, the latter
usually being achieved with extraparenchymal control of
the major hepatic veins at the hepatocaval junction. This
maneuver can significantly reduce backflow bleeding
during parenchymal transection and facilitate resection
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of tumors close to the roots of the major hepatic veins
and even reconstruction of a hepatic vein in the liver
remnant'l,

Three techniques for vascular control have been
widely used: the Pringle maneuver (PM), the selective
hepatic vascular exclusion (SHVE) and the total hepatic
vascular exclusion (THVE). The PM™ is performed by
encircling and clamping the hepatoduodenal ligament!'.
Although this is well tolerated, it should always be kept in
mind that backflow bleeding and air embolization might
occur during parenchymal transection”. THVE includes
clamping of the hepatoduodenal ligament and occlusion
of the suprahepatic and infrahepatic inferior vena cava
(IVCO)M. This technique has the advantage of a bloodless
surgical field, but the serious hemodynamic instability
it may cause, makes it inappropriate for 20%-30% of
patients. SHVE entails disconnection of the liver from
the retrohepatic IVC and inflow occlusion combined
with extrahepatic control of hepatic veins. This technique
offers bloodless liver transection without the above-
mentioned disadvantages of PM and THVEP.

Dissection and clamping of the hepatic veins
during the application of SHVE may predispose the
major hepatic veins to thrombi formation through
the induction of venous stasis and endothelial injury
coupled with coagulation disturbances. The scarcity of
studies addressing this issue prompted us to test our
hypothesis that dissection and clamping of the hepatic
veins is associated with an increased risk of thrombosis
and liver outflow obstruction.

MATERIALS AND METHODS

Between 1997 and 2007, 210 consecutive patients
underwent hepatectomy with SHVEL'. Briefly, in all cases
and irrespective of the type of planned hepatectomy, the
abdomen was accessed viz a bilateral subcostal incision

and the liver was fully mobilized after transection of
its ligaments. The liver was then disconnected from
the retrohepatic IVC by dividing the short perforator
hepatic veins. On the right side, dissection along the
anterior surface of the IVC continued until the right
hepatic vein was isolated, while on the left side, the
venous trunks of the left and middle hepatic veins
were also dissected free from the surrounding tissues.
Control of liver inflow was attained by clamping the
porta hepatis with a Satinsky clamp and by occluding
any accessory hepatic artery with bulldog clamps. Liver
outflow control was achieved by clamping the trunks
of the right, middle and left hepatic veins separately
(Figure 1). The transection plane was defined with an
intraoperative ultrasonographer (Aloka SSD-1400,
model IP-1235V, ALOKA CO., LTD., Japan), in order
to secure tumor-free margins > 1 cm. Liver splitting was
performed using either the clamp crushing technique
or by sharp transection with a knife. Hemostasis was
achieved by suturing all vascular orifices on the cut
surface with 3-0 and 4-0 prolene. After completion of
the liver resection, outflow was released first, followed
by liver inflow?. Following repetfusion, hemostasis was

Figure 1 After careful dissection at the hepatocaval junction, the extrahe-
patic trunk of the right hepatic vein and the common trunk of the left and
middle hepatic vein have been isolated and are ready to be clamped.

completed using additional stitches. Flow in the hepatic
artery, the portal vein, the hepatic veins and the IVC was
assessed by intraoperative Doppler ultrasonography. The
negative findings in the first 120 consecutive patients
prompted us to restrict our Doppler study to the hepatic
veins. Thorough imaging of all liver vasculature was then
reserved for cases with liver remnant swelling or signs of
hyporeperfusion. All operations were performed by the
same surgical team, directed by the senior author V.S. All
patients had normal imaging of the hepatic veins before
liver resection, either on contrast-enhanced CT or MRI.

Postoperative Doppler ultrasonography of the portal
vein, hepatic artery and the hepatic veins was performed
at the bedside, if the patient exhibited at least one of
the following findings: (a) clinically worsening ascites
on any postoperative day; (b) persistent or worsening
cholestasis (conjugated bilirubin > 3 mg/dL) after
the 3rd postoperative day; (c) worsening elevation of
transaminases after the 2nd postoperative day (AST
and/or ALT > 1st postoperative day levels) or (d)
persistent or worsening prolongation of INR > 2 after
the 3rd postoperative day.

All patients admitted after 2002 (117 patients-56%)
received perioperative thromboprophylaxis with low
molecular weight heparin for a median duration of 10 d
(range: 4-14 d), according to our new institutional
protocol which was initiated at that time. Post-discharge,
all patients were invited for a follow-up abdominal CT
scan, 3-6 mo after surgery. Helical CT (Philips, The
Netherlands) of the abdomen was performed before and
after intravenous administration of iodinated contrast
material. Contrast enhanced images were obtained in
the arterial and portal venous phase and images were
evaluated for the presence of hepatic venous thrombosis
by two independent observers. Data collection was
performed in a prospective mannet.

RESULTS

Clinical, intraoperative and postoperative parameters of
the patients are summarized in Table 1. Intraoperatively,
12 (5.7%) patients developed unexpected swelling of the
liver remnant. Intraoperative Doppler ultrasonography

www.wjgnet.com



Arkadopoulos N et a/. Clamping and thrombosis of hepatic veins 341

Clinical, intraoperative and postoperative parameters

Age (yr) 63 (1-86)
Indication for hepatectomy
Malignancy 173
Benign (hemangioma, hydatid cyst, etc) 37
Type of hepatectomy
Right hepatectomy 92
Left hepatectomy 40
Minor hepatectomy (1-2 segments) 78
Intraoperative data
Warm ischemic time (min) 39 (25-61)
Blood loss (mL) 420 (140-3100)
Transfusions of pRBCs (U) 0 (0-14)
Outcome
Morbidity (pleural effusion, bile leak, chest 34%
infection, post-operative bleeding, wound infection,
postoperative liver failure)
Mortality 3 (1.5%)"
Hospital stay (d) 12 (4-37)

'One death due to postoperative liver failure, 1 due to cardiomyopathy
and cardiac arrest and 1 due to postoperative sepsis.

did not reveal evidence of hepatic vein thrombosis in
any of these cases. In three of these patients kinking
of the common trunk of the middle and left hepatic
veins was recognized and was managed by suturing
the liver remnant to the diaphragm. In the remaining
nine patients, extensive work-up did not show thrombi
formation and the liver remnant swelling was attributed
to the fact that the portal flow was disproportional to
the small liver remnant.

Twenty three (10.9%) patients fulfilled the
previously mentioned criteria for postoperative Doppler
ultrasonography at the bedside. All these patients were
also examined with contrast enhanced CT-angiography.
The hepatic veins were visualized in all cases and no
evidence of thrombosis was found.

Forty two (20%) patients underwent contrast-
enhanced CT scans during their postoperative
hospitalization for reasons unrelated to suspected
hepatic vein thrombosis (diagnostic work-up for fever,
bile collection and chest infection). In all cases, hepatic
vein imaging did not reveal thrombi formation or
recanalization processes.

Finally, 200 patients (95%) underwent a follow up
contrast-enhanced CT scan of the liver at a median
time of 150 d (range: 92-205 d) after surgery, without
evidence of thrombotic processes or stricture of the
hepatic veins.

DISCUSSION

Our study showed that dissection and clamping of the
hepatic veins in hepatectomies under inflow and outflow
vascular occlusion of the liver was not complicated
with hepatic vein thrombosis either intraoperatively or
postoperatively during a 6-mo follow-up period.

Postoperative hepatic venous outflow obstruction is
extremely rare in large series of hepatectomies™ . On
the contrary, in liver transplantation the incidence is high,
especially with the piggyback technique (0.5%-2.5%)
which has a mortality rate of 24%0'. The main causative
factors are either technique-related or are associated with
coagulation disturbances generated by the underlying
disease and graft function.

The only study addressing the risk of hepatic vein
thrombosis in liver resection is by Arita et a', who
showed that 10 out of 821 liver resections performed
using the intermittent Pringle maneuver developed
hepatic vein thrombosis. It is worth noting that the
authors had to resort to thrombectomy in the most
severe cases. The exposure of major hepatic veins to
a length of 3 cm or more and the use of an ultrasonic
dissector were postulated to be predisposing factors for
vein thrombosis.

Although our technique could be considered
more thrombogenic, since it includes dissection and
clamping of hepatic veins, the lack of thrombosis in
our series is in surprising contrast to the findings of
Arita et al, who performed only intermittent inflow
occlusion. It is possible that the use of the ultrasonic
dissection technique used by Arita ez a/ could, as the
authors themselves admitted, have contributed to the
thrombogenic effect, which was further aggravated
when the energy was delivered close to the major hepatic
veins!,

Our results are in agreement with the findings of
most major clinical series of hepatectomies performed
under vascular control, in which hepatic venous
thrombosis is scarcely if ever mentioned!*'". Although
SHVE could be considered more thrombogenic, since
it involves injurious manipulation of hepatic veins,
the lack of confirmed cases of vein thrombosis in
our study can be attributed to short warm ischemic
time and sharp transection of the liver surface with
the scalpel, a technique that is less traumatic to venous
epithelium compared to other ablative techniques.
Avoidance of radiofrequency ablation in our series may
also have contributed to our favorable results, since this
technique has been recently associated with damage
to the liver remnant!"¥ and hepatic vein thrombosis™.
Venous endothelial trauma has been known to cause
platelet aggregation and degranulation, vasoconstriction,
thrombin activation and diminished fibrinolysis®".
Therefore, we can not exclude the possibility that some
of our patients may have developed small, undetected
thrombi postoperatively. However, such thrombi remain
clinically silent and resolve spontaneously without
increasing morbidity or mortality. It is also possible that
ischemia reperfusion of the liver mobilizes mechanisms
that attenuate thrombi formation locally. Studies
addressing the coagulation-fibrinolysis system during
liver resection indicate that the balance leans towards
fibrinolysis?"*.

Regarding diagnosis of hepatic venous thrombosis,
Doppler ultrasound is a readily available and inexpensive
tool®?4, Tt is, however, operator-dependent and
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its diagnostic accuracy may be compromised by
the presence of bowel gas or ascites. On CT, vein
thrombosis is seen as a lack of enhancement on post-
contrast images, often associated with peripheral rim
enhancement. In hepatic veno-occlusive disease, CT

reveals patchy hepatic parenchymal enhancement with

lack of normal visualization of the hepatic veins® 7.

In conclusion, our analysis of a large cohort of
patients confirms that extrahepatic dissection and
clamping of the hepatic veins for up to one hour is a
safe procedure that does not predispose to clinically
important thrombosis. Although the technique of
selective vascular exclusion used in our series is not
advocated for routine use in liver surgery, we suggest
that concerns about venous thrombosis are unjustified
and should not be a limiting factor in the application of
this useful technique, whenever necessary.

COMMENTS

Background

Dissection and clamping of the hepatic veins during liver resection may
predispose the major hepatic veins to thrombi formation. In this study we
test our hypothesis that dissection and clamping of the hepatic veins is not
associated with an increased risk of thrombosis and liver outflow obstruction.

Research frontiers

Postoperative hepatic venous outflow obstruction is extremely rare in large
series of hepatectomies. On the contrary, in liver transplantation the incidence
is high, especially with the piggyback technique (0.5%-2.5%) which has a
mortality rate of 24%. The main causative factors are either technique-related
or are associated with coagulation disturbances generated by the underlying
disease and graft function.

Innovations and breakthroughs

The only study addressing the risk of hepatic vein thrombosis in liver resection
is by Arita et al, who showed that 10 out of 821 liver resections performed with
the intermittent Pringle maneuver developed hepatic vein thrombosis. Our study
showed that dissection and clamping of the hepatic veins in hepatectomies
under inflow and outflow vascular occlusion of the liver was not complicated
with hepatic vein thrombosis either intraoperatively or postoperatively during a
six-month follow-up period.

Applications

Although the technique of selective vascular exclusion used in our series is not
advocated for routine use in liver surgery, the authors suggest that concerns
about venous thrombosis are unjustified and should not be a limiting factor in
the application of this useful technique, whenever necessary.

Terminology

Pringle maneuver: performed by encircling and clamping the hepatoduodenal
ligament; Selective hepatic vascular exclusion: inflow occlusion combined
with extrahepatic control of hepatic veins; Total hepatic vascular exclusion:
clamping of the hepatoduodenal ligament and occlusion of the suprahepatic
and infrahepatic vena cava (IVC).
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Abstract

AIM: To determine risk factors for pulmonary
embolism and estimate effects and benefits of
prophylaxis.

METHODS: We included 78 patients who died
subsequently to a pulmonary embolism after major
abdominal surgery from 1985 to 2003. A first,
retrospective analysis involved 41 patients who
underwent elective surgery between 1985 and 1990
without receiving any prophylaxis. In the prospectively
evaluated subgroup, 37 patients undergoing major
surgery between 1991 and 2003 were enrolled: all
of them had received a prophylaxis consisting in low-
molecular weight heparin, given subcutaneously at a
dose of 2850 IU AXa/0.3 mL (body weight < 50 kg) or
5700 IU AXa/0.6 mL (body weight = 50 kg).

RESULTS: A higher incidence of thromboembolism
(43.9% and 46.34% in the two groups, respectively)
was found in older patients (> 60 years). The incidence
of pulmonary embolism after major abdominal surgery
in patients who had received the prophylaxis was
significantly lower compared to the subjects with the

same condition who had not received any prophylaxis
(P < 0.001, OR = 2.825; 95% CI, 1.811-4.408).
Furthermore, the incidence of pulmonary embolism
after colorectal cancer surgery was significantly higher
compared to incidence of pulmonary embolism after
other abdominal surgical procedures. Finally, the
incidence of pulmonary embolism after colorectal
cancer surgery among the patients who had received
the prophylaxis (11/4316, 0.26%) was significantly
lower compared to subjects undergoing a surgical
procedure for the same indication but without
prophylaxis (10/1562, 0.64%) (P < 0.05, OR = 2.522;
95% CI, 1.069-5.949).

CONCLUSION: Prophylaxis with low molecular weight
heparin is highly recommended during the preoperative
period in patients with diagnosis of colorectal cancer due
to high risk of pulmonary embolism after elective surgery.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Pulmonary embolism (PE) is a life-threatening condition
or complication and might be one of the worst
nightmares for most surgeons. PE is a partial obstruction
of the pulmonary arterial three. The embolus that causes
the obstruction usually travels through the venous system
from a distant site. PE causes symptoms such as dyspnea,
chest pain or collapse. Moreover, the clinical severity of
PE can vary, ranging from asymptomatic cases to sudden
death. Despite advances in diagnosis and treatment, PE
remains a significant cause of morbidity and mortality and
is still one of the most common preventable causes of
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death, which is easily overlooked".

Risk factors for deep vein thrombosis (DVT) and PE
are prior medical history of DVT or PE, recent surgery,
general anesthesia lasting longer than 30 min, pregnancy,
prolonged immobilization, age > 40 years, obesity or
underlying malignancywq. Moreover, gynecologic surgery,
major trauma and indwelling venous catheters are risk
factors for DVT at any location. Otherwise, venous
thrombosis commonly involves lower limbs, affecting
most frequently calf veins, which atre involved in virtually
100% of symptomatic, spontaneous lower extremity
DVT. Although DVT usually starts in calf veins, it is
propagated above the knee in 87% of symptomatic
patients before the diagnosis has been made. However,
more than 35% of patients who die from PE may have

isolated calf vein thrombosis".

MATERIALS AND METHODS

Subjects

We identified 54690 patients who had surgery between
January, 1985 and December, 2003. The study included
39 (50%) females and 39 (50%) males who died
subsequently to a PE after major abdominal surgery
throughout the study period.

Retrospective analysis
The database of the Institute for Digestive Disease,
Clinical Center of Serbia was reviewed to identify
patients who had undergone surgery from January,
1985 to December, 1990. Age, final pathologic
diagnosis at authopsy, surgical procedures and venous
thromboembolism prophylaxis modalities were recorded.
In a first retrospective evaluation, out of the 15427
patients who had undergone surgery between 1985
and 1990, we included 41 cases (20 men, 21 women)
of PE confirmed at autopsy. These patients had not
received any prophylaxis prior to elective surgery, as
prophylaxis was not performed on a regular basis
during that period in our country. The PE patients
had undergone the following surgical procedures: total
oesophagogastrectomy, 1 case (2,4%); total gastrectomy,
3 (7.3%); Billroth I -type gastric resection, 2 (4.8%);
Billroth II-type gastric resection, 4 (9.7%); gastrostomy
with jejunostomy, 1 (2.4%); fundoplication, 1 (2.4%);
cholecystectomy, 5 (12.1%); ileal resection, 1 (2.4%);
nephrectomy, 1 (2.4%); appendectomy, 2 (4.8%); inguinal
hernioplasty, 2 (4.8%); adhesiolysis, 1 (2.4%); laparotomic
exploration with biopsy of the tumor, 5 (14.6%);
right hemicolectomy, 1 (2.4%); left hemicolectomy, 4
(9.7%); coecostomy, 1 (2.4%); splenectomy with distal
pancreatectomy, 1 (2.4%); and low anterior resection of
the rectum, 3 (7.32%).

Prospective analysis

In the second part of our study, a total of 39263 patients
were admitted to the Institute of Digestive Disease,
Clinical Center of Serbia, between January, 1991 and July,
2003, to undergo abdominal elective surgery. All patients

who underwent major surgery received low-molecular
weight heparin (LMWH) prophylaxis subcutaneously
at a dose of 2850 IU AXa/0.3 mL (body weight <
50 kg) or 5700 IU AXa/0.6 mL (body weight = 50 kg),
one hour before the surgery, 12 and 24 h after the main
surgery, and once daily each hospital day after main
surgery. Prophylaxis did not cause any side effects (e.g:
bleeding). Out of this group, a total of 37 patients (19
men, 18 women) died after major surgery due to PE.
Diagnosis was confirmed at autopsy. These patients
had undergone the following major surgery procedures:
total gastrectomy, 5 (13.5%); ulcer suture, 2 (5.4%);
gastrostomy, 2 (5.4%); cholecystectomy, 4 (10.8%);
hepatico-jejuno anastomosis according to Roux, 2
(5.4%); partial pericystectomy with omentoplasty, 2
(5.4%); ileal resection, 1 (2.7%); appendectomy, 1 (2.7%);
hernioplasty, 1 (2.7%); abscess drainage, 1 (2.7%);
laparotomic exploration with biopsy of the tumor, 2
(5.4%); total colectomy, 2 (5.4%); right hemicolectomy,
3 (8.1%); left hemicolectomy, 3 (8.1%), Dixon-type
resection, 2 (5.4%); Hartman-type resection, 2 (5.4%);
Belsey-type resection, 1 (2.7%) and double colostomy, 1
(2.7%) (Table 1).

Statistical analysis

Results were presented as mean = SD or as stated.
Distribution data were compared by Xz analysis or
Kruskal-Wallis test, if data were not normally distributed.
In addition, logistic regression tests were conducted. All
statistical analyses were performed with the SPSS 10.0
for Windows package (SPSS Inc., Chicago, IL). Values at
the P = 0.05 level were considered statistically significant.

RESULTS

No significant difference as to the gender distribution
existed between the two groups (xz test, P > 0.05). No
significant difference in the mean age was found between
patient groups (Kruskal-Wallis test, P > 0.05). However,
a higher incidence of thromboembolism (43.9% and
46.34%) was found in older patients (60-69 year range)
in both groups of patients.

Forty-one patients out of 15427 (0.27%) who did
not receive prophylaxis developed a PE. Among the
39263 patients who received prophylaxis, 37 (0.09%)
developed a PE in the postoperative period.

Among the 15427 cases evaluated retrospectively,
we identified 4304 patients who underwent colorectal
abdominal surgery. Of them, 1562 were cancer cases.
Among colorectal cancer patients who underwent
major abdominal surgery, 0.64% (10/1562) developed
PE postoperatively, while the incidence of PE in all
remaining patients was 0.11% (16/13865) (P < 0.05, OR
= 5.577, 95% (I, 2.526-12.311).

Among the 39263 patients who had received
prophylaxis before major surgery, 37 (0.09%) were
diagnosed as having postoperative PE. Of the 39263
major cases evaluated prospectively, we identified 11735
patients who underwent colorectal abdominal surgery.
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Clinical data PE without prophylaxis (7 = 41) PE with prophylaxis (7 = 37)
Mean age, yr (range) 64 (26-79) 67 (45-79)
M/F 20/21 19/18
Cause of death (primary)
Obstruction of right pulmonary artery 10 5
Obstruction of left pulmonary artery 3 5
Obstruction of pulmonary trunk 10 1
Obstruction of both right and left pulmonary arteries 11 20
Obstruction of pulmonary trunk plus both right and left 7 6
pulmonary arteries
Cause of death (secondary)
Colorectal malignancy 11 10
Other malignancy 14 12
Other diagnosis 16 15
Prophylaxis None LMWH s.c: 0.3 mL (BW < 50 kg) or 0.6 mL (BW > 50 kg),
1 h before and 12 h after surgery
Time from surgery to death
0-5d 12 22
6-10d 19 8
11-15d 6 2
16-30 d 4 3
>30d 0 2

PE: Pulmonary embolism; LMWH: Low-molecular weight heparin.

Of them, 4316 were cancer cases. Among colorectal
cancer patients who underwent major abdominal
sutgery, 0.25% (11/4316) developed PE postoperatively,
while the incidence of PE in all remaining patients was
0.05% (17/34947) (P < 0.05, OR = 5.250, 95% CI,
2.457-11.216).

The incidence of PE after colorectal cancer
surgery among patients who had received prophylaxis
was significantly lower compared to that observed in
subjects with colorectal surgery due to catcinoma who
had not received any prophylaxis, i.e. 0.26% (11/4316)
s 0.64% (10/1562) (P < 0.05, OR = 2.522; 95% CI,
1.069-5.949). Moreover, incidence of PE after major
abdominal surgery of patients who had received
prophylaxis was significantly lower compared to that
seen in subjects with the same diagnoses who had not
received any prophylaxis (P < 0.001, OR = 2.825; 95%
CI, 1.811-4.408).

DISCUSSION

PE is third most common cause of death in the US, with
at least 650000 cases occurring annually. Furthermore,
PE represents the first or second most common cause
of unexpected death in most age groups. The highest
incidence of recognized PE occurs in hospitalized
patients. Autopsy results are showing that up to 60%
of patients who die at a hospital have PE, and that
diagnosis is missed in about 70% of cases'. The annual
incidence of known DVT and PE in the Western world
is 1.0 and 0.5 per 1000, respectively. There are 65000
cases each year among hospital patients in England and
Wales. The prevalence of unsuspected PE diagnosed
at autopsy is 3%-8%, and has been unchanged for 3
decades.

PE is common during all trimesters of pregnancy

and puerperium, and incidence of PE is increasing with
oral contraceptive or hormone replacement therapy.
However, sex alone is not an independent risk factor!”.

Although the frequency of PE increases with age,
this is not independent risk factor. Nevertheless, the
accumulation of different risk factors, such as underlying
illnesses and decreased mobility, increases the frequency
of PE in older patients. Unfortunately, diagnosis of
PE is often missed, especially in older patients. PE is
diagnosed in 30% of all patients who die with massive
PE, but only in 10% of those who ate 70 years of age or
older. Thus, PE still remains the most commonly missed
diagnosis in the elderly institutionalized patients'”.

In our study, we found a higher incidence of PE in
older patients (> 60 years of age) in both groups (43.9%
and 46.34%)).

Surgical patients have long been recognized to be at
special risk for DVT and PE, but these problems are not
confined to surgical patients. Surgeons should always
suspect PE in case of a sudden circulatory collapse
occurring within one to two weeks after surgery.

The risk of postoperative venous thromboembolism
is reported to be twice as high in patients with cancer
compared of those without cancer undergoing
comparable surgery. This risk is also higher in patients
undergoing surgery for colorectal cancer as compared
to those having abdominal surgery without malignancy.
Thromboembolic complications are responsible for
about half of deaths following elective colorectal
surgery”. The highest rate (1.8%) of fatal PE was
reported in patients following colorectal surgery, with a
3.3-fold increase compared to the overall rate observed
among surgical patients, according to a retrospective
10-year review from Switzerland"". In this study, the
increased risk of PE can be explained by a number of
factors, such as malignancy-related hypercoagulable
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state, postoperative infectious complications, prolonged
surgery, pelvic dissection erd",

Opverall, the incidence of PE after general surgery
observed in Japan was 0.33%. Fatal PE was reported
in 0.08% of the surgical population and the mortality
rate of patients with PE was 31%. In addition, the
incidence of PE after cancer surgery ranged from
0.57% after colon malignancy to 3.85% after pancreatic
cancer surgery, and was significantly higher than in non-
cancerous conditions (0.20%)"”.

An increased risk of PE after colorectal surgery
has also been showed by Lee ¢f 4/ in a study on Chinese
patients who underwent colorectal surgery without DVT
prophylaxis. The authors demonstrated the occurrence
of asymptomatic calf vein thrombosis in 41.7% of
patients using serial Duplex ultrasound studies'™.

In our experience, the incidence of PE after
colorectal cancer surgery was significantly higher
compared with other surgical procedures. However,
the incidence of PE after colorectal cancer surgery of
patients who received prophylaxis was significantly lower
compared to that seen among subjects with colorectal
surgery due to carcinoma without prophylaxis.

In the study by Shukla ez al™ 99 patients with
colorectal cancer selected for surgery were included. Fifty-
one patients were randomized to receive LMWH while 48
patients did not receive any prophylaxis. At the end of the
study, neither DVT nor PE cases were observed'”.

Anticoagulant prophylaxis is effective in preventing
PE in hospitalized patients, since it reduces mortality
after surgery. Prophylaxis with LMWH leads to effective
reductions in the incidence of DVT after abdominal surgery
in patients at risk for thromboembolic complications.

Initial treatment with LMWH following oral
anticoagulant therapy with INR ranging from 2 to 3 was
associated with an incidence of major bleeding of 3% at
3 mo while the mortality rate was 0.3%!",

However, Diener ef a/, showed that there may be a
dose-dependent risk of bleeding with LMWH therapy'”.
Low dose of LMWH was arbitrarily defined as a fixed dose
of less than 6000 IU daily, whereas any higher dose of
LMWH was considered as LMWH high dose. Concerning
weight-adjusted doses of LMWH, 86 IU/kg per day
was considered as LMWH low dose, while 86 IU/kg
twice a day was considered as LMWH high dose.

In our study, patients who received prophylaxis with
low dose LMWH after major abdominal surgery did
not have any side effects (such as bleeding). Moreover,
incidence of PE was significantly lower compared to
subjects with the same conditions who did not receive
prophylaxis.

The incidence of PE was four to six times lower in
patients who had mechanical prophylaxis, although the
difference was not significant. Preoperative prophylaxis
for DVT is important, but further research is needed to
estimate its effects and benefits'”.

In our study, older age (> 60 years) was identified
to be a risk factor for PE. Prophylaxis with LMWH is
highly recommended for patients with colorectal cancer
before major surgery. As the mortality from PE depends

on correct and timely diagnosis, it is of the utmost
importance for clinicians to consider this possibility and
perform proper diagnostic tests, especially in patients
with colorectal cancer.
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low-molecular weight heparin.

Innovations and breakthroughs

The highest rate of fatal PE in previous studies was reported in patients
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prophylaxis with low dose low-molecular weight heparin (LMWH) after major
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receive the prophylaxis.
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The results of this study suggest that prophylaxis with LMWH is highly
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cancer before major surgery. As the mortality from PE depends on a correct
and timely diagnosis, it is of the utmost importance for clinicians to consider
this possibility and perform proper diagnostic tests, especially in patients with
colorectal cancer.
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Abstract

AIM: To investigate the relationship between post-
endoscopic resection (ER) scars on magnifying
endoscopy (ME) and the pathological diagnosis in
order to validate the clinical significance of ME.

METHODS: From January, 2007 to June, 2008, 124
patients with 129 post-ER scar lesions were enrolled.
Mucosal pit patterns on ME were compared with
conventional endoscopy (CE) findings and histological
results obtained from targeted biopsies.

RESULTS: CE findings showed nodular scars (53/129),
erythematous scars (85/129), and ulcerative scars
(4/129). The post-ER scars were classified into four pit
patterns of sulci and ridges on ME: (1) 47 round; (1)
54 short rod or tubular; (1) 19 branched or gyrus-like;

and (IV) 9 destroyed pits. Sensitivity and specificity
were 88.9% and 62.5%, respectively, by the presence
of nodularity on CE. Erythematous lesions were high
sensitivity (100%), but specificity was as low as
36.7%. The range of the positive predictive value
(PPV) on CE was as low as 10.6%-25%. Nine type IV
pit patterns were diagnosed as tumor lesions, and 120
cases of type I -1l pit patterns revealed non-neoplastic
lesions. Thus, the sensitivity, specificity, and the PPV of
ME were 100%.

CONCLUSION: ME findings can detect the presence
of tumor in post-ER scar lesions, and make evident
the biopsy target site in short-term follow-up. Further
large-scale and long-term studies are needed to
determine whether ME can replace endoscopic biopsy.

© 2009 The WIJG Press and Baishideng. All rights reserved.
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INTRODUCTION

The use of magnifying endoscopy (ME) is now
being reassessed since the successful study led by
Professor Kudo regarding the utilization of magnifying
colonoscopy!. Indeed, ME procedures for the upper
gastrointestinal tract have been developed that make it
possible to perform a variety of assessments, from routine
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observation to a detailed examination of squamous
dysplasia, squamous-cell carcinoma, Barrett’s esophagus
and associated dysplasia/early cancer, gastric cancet,
and Helicobacter pylori infection™. ME with a narrow
band image can aid in deciding the target of endoscopic
biopsy for surveillance in Barrett’s esophagus[sfg]. The
relationships between ME findings and gastric neoplastic
histology, including the types of cancer detected, are
now being investigated, and the usefulness of ME for
diagnosing early gastric cancer has been reported[9’15].

Little data, however, are currently available
regarding the correlation between the findings of
ME and pathological findings in post-endoscopic
resection (ER) scars. There has been no definitive
endoscopic description of which endoscopic findings
need endoscopic biopsy or where the endoscopist has
to target the biopsy in altered large scar lesions. In
addition, it remains controversial as to whether a biopsy
should be performed for each endoscopy in patients
who have already undergone complete ER. Thus, we
have evaluated the relationship between the real-time
diagnosis of post-ER scars observed by ME and the
pathological diagnosis, thereby validating the clinical
usefulness of ME as a follow-up method for post-ER
scars in eatly gastric neoplasm.

MATERIALS AND METHODS

Patients and definition
From January, 2007 to June, 2008, a total of 143 lesions
(138 patients) underwent endoscopic mucosal resection
(EMR) or endoscopic submucosal dissection (ESD)
in our hospital (Cheonan Hospital, Soonchunhyang
University). “En bloc resection” is defined as the resection
of a single piece as opposed to piecemeal resection in
multiple pieces. “Complete e¢n bloc resection” is defined as
a lesion being contained within the mucosal layer, with
no lympho-vascular invasion, and all margins (deep and
lateral) histologically demonstrated to be tumor-free.
Among 138 patients, 8 patients who had been
revealed as incomplete ER were excluded because
they received a subsequent operation. Other exclusion
criteria were as follows: (1) refusal to participate in the
study (3 cases); (2) recurrent tumorous lesions (1 case);
(3) NSAIDs or anticoagulant drug users (2 cases). A
total of 129 lesions (124 patients) were finally enrolled
in this study. All patients provided written informed
consent, and the clinical study was performed according
to guidelines approved by the ethics committee of
Soonchunhyang Cheonan Hospital. No patients were
lost during follow-up.

Methods

For the endoscopic examination, we used a GIF-Q240Z
video endoscope (Olympus Optical Co., Ltd, Tokyo,
Japan) fitted with an optic-type zoom lens that provided
up to 80 times magnification and a high-resolution color
charge-coupled device (CCD) connected to a 14-inch
monitor. A transparent tip attachment (D-201-11802;
Olympus) projecting 2 mm from the endoscopic tip

was pressed against the mucosa in order to maintain
good focus. To decrease the influence of mucus in
the stomach under magnified observation, all patients
ingested simethicone (20-30 mL), and a mucolytic agent
(10% N-acetylcysteine 20 to 30 ml) was sprayed on the
mucosal surface'. Evaluation of the entire stomach was
initially performed with conventional endoscopy (CE)
to exclude obvious lesions and to define scar lesions.
Next, with the endoscope positioned on the scar lesions,
complete magnification was obtained, with particular
attention being paid to minute surface architecture
and arrangements. Following complete identification,
targeted biopsy specimens of the scar lesions were
obtained. Conventional and magnifying endoscopic
procedures were performed by an endoscopist with
10 years endoscopic experience. All examinations
and images were digitally stored and documented on
commercially available videotapes. Classification and
analysis of the magnified view were carried out using
the photographs and recorded videos by another
endoscopist who was blinded to the examinations and
histopathologic results. When pit patterns were mixed,
classification was based on the most prominent pattern.
We performed an endoscopic biopsy on sites with
prominent or higher grade pit patterns. Following ER, all
patients were given a PPI (omeprazole 40 mg) for eight
weeks. Conventional and magnifying endoscopies were
performed with the targeted biopsy of all scar lesions
two months after the ER.

Classification by conventional and magnifying
endoscopy

We classified CE characteristics of scar lesions according
to the following attributes: height (elevated, flat, or
depressed); nodularity (non-nodular or nodular); color
(erythematous, pale, or iso-color with the surrounding
mucosa); and ulceration (present or absent) (Figure 1).
Next, the mucosal pit patterns in the post-ER scars
were observed closely using ME. The mucosal pits
were classified into four patterns of sulci and ridges:
(I) round pit patterns; (II) short rod or tubular pit
patterns; (I) branched or gyrus-like pit patterns; and
(IV) destroyed pit patterns (Figure 2). The criteria for
suspecting a tumorous lesion included the observation
of a fundamentally destroyed pit pattern (Type V).

Histological assessment

The curative potential of en bloc resection was carefully
evaluated histopathologically; slices were made at 2 mm
intervals according to the Japanese Classification of
Gastric Carcinoma'"”, Following magnifying observation,
standard histological assessment was performed with
H&E staining. Lesions were classified into four groups
for diagnostic purposes: non-neoplastic lesions, low-
grade adenomas, high-grade adenomas, and carcinomas.
These diagnostic criteria were based on the Vienna
classification of gastrointestinal epithelial neoplasiam.
The histological type and the degree of various pathologic
findings were evaluated to determine the relationship
between endoscopic findings such as foveolar hyperplasia,
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Figure 1 Conventional endoscopic
characteristics of scar lesions. A:
Height; flat, non-nodular and iso-color;
B: Height; depressed, non-nodular
and erythematous color; C: Height;
elevated, non-nodular, and iso-color; D:
Height; elevated, distorted nodular, and
erythematous color.

Figure 2 Magnifying images of scar
lesion showing fine mucosal pit
patterns. The four pit patterns of sulci
and ridges identified are as follows:
A: Type I pit; small round, normal-
like pit pattern; B: Type I pit; short rod
or tubular pit pattern; C: Type II pit;
branched or gyrus-like pit pattern; D:
Type IV pit; destroyed pit pattern.

congestion of glands, atrophy, intestinal metaplasia, and all the biopsy specimens. All pathologic findings were then
fibrosis. These findings were then classified and scored compared in terms of both CE and ME findings.

from 0 to 3, respectively (0 = normal, 1 = mild, 2 =
moderate, 3 = severe). A single pathologist who was Statistical analysis

blinded to the endoscopic findings reviewed and scored Statistical evaluations were petformed using SPSS
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Parameter CE findings Pit type (No.) Total P
Case (Patient) 129 (124) 1(47) 1 (54) m(19) v (9) (129 vale

Male 79 Height 0.205

Female 45 Elevated 14 20 3 6 38
Age, yr (SD) 58.51 (11.27) Flat 29 29 13 3 79

Male 59.48 (11.79) Depressed 4 5 3 0 12

Female 56.71 (10.13) Nodularity 0.091
ER outcome Present 17 18 11 6 53

ESD/EMR 104/25 Absent 30 36 8 3 76

Complete resection 123 Color 0.079

En bloc 117 Erythematous 30 31 16 8 85
Piecemeal 6 Iso or pale 17 23 3 1 44

Incomplete resection 6 Ulceration 0.285
Post-ER diagnosis Present 0 2 1 1 4

Adenoma 43 lesions Absent 47 52 18 8 125

Adenoma with HGD 48 lesions

Adenocarcinoma 38 lesions CE: Conventional endoscopy; 1: Round pit; 1I: Short rod or tubular pit; IIi:
Follow up mo (SD) 2.27 (0.46)

SD: Standard deviation; ER: Endoscopic resection; ESD: Endoscopic
submucosal dissection; EMR: Endoscopic mucosal resection; HGD: High
grade dysplasia.

statistical software, version 12.0 (SPSS Inc., Chicago,
IL, USA). The Chi-square test was used to compare
categorical variables and the ANOVA test was used to
compare continuous variables. A P value of less than 0.05
was considered statistically significant.

RESULTS

Outcomes and histological diagnosis of the ER

Among 129 lesions, the method of ER was 104 ESD
and 25 EMR. Complete resection was performed in 123
cases [117 en bloc resections (93 ESD and 24 EMR) and 6
piecemeal resections (2 ESD and 4 EMR)]. Six patients
with incomplete resection who declined surgery were
included in a follow-up endoscopic study. A set of 129
lesions from 124 patients were confirmed histologically
by ER as consisting of 38 adenocarcinomas, 48 high-
grade adenomas, and 43 low-grade adenomas. Following

ER, the mean follow-up time was 2.27 * 0.46 mo (mean
t+ SD) (Table 1).

Conventional and magnifying findings in post-ER scars

The CE findings revealed the following results: 38
elevated, 79 flat, and 12 depressive-type scars; 76 non-
nodular and 53 nodular scars; 85 erythematous and 44
pale or iso-colored scars; and 4 ulcerative scars. The
minute surface structure of post-ER scars, as shown by
ME, demonstrated four pit patterns of sulci and ridges.
These pit patterns were classified according to the main
pit pattern as follows: (1) 47 round pit patterns; (II)
54 short rod or tubular pit patterns; (II) 19 branched
or gyrus-like pit patterns; and (IV) 9 destroyed pit
patterns. There was no statistical significance between
conventional endoscopic and ME findings (P > 0.05),
although the presence of nodularity and erythematous
lesions was high in type Il or IV pit patterns on ME (P
=0.091, P = 0.079, respectively, Table 2).

Branched or gyrus-like pit; IV: Destroyed pit pattern.

Endoscopic findings and pathologic features

Eight lesions revealed the presence of tumors in 53
cases with nodularity, while one lesion had no nodularity
in the post-ER scar. Nine lesions revealed the presence
of tumors in 85 cases with erythematous lesions. One
lesion revealed the presence of tumors in 4 cases with
non-healed ulcer lesions. Sensitivity and specificity were
88.9% and 62.5%, respectively, when the presence of
nodularity aided in the detection of a neoplastic lesion
on CE. Erythematous lesions had a high sensitivity
(100%), but specificity was as low as 36.7%. The
presence of an ulcer had low sensitivity (11.1%) and high
specificity (97.5%). The range of the positive predictive
value was as low as 10.6%-25% (Table 3). As assessed by
CE, none of the mucosal height terms, color, nodularity,
or ulceration showed statistical significances between
various non-neoplastic pathologic features in post-ER
scars.

Although there was no statistical significance in the
relationship between endoscopic findings and other non-
neoplastic pathologic findings, type Il or IV pit patterns
exhibited slightly higher histological scores in terms of
gland congestion, intestinal metaplasia, and atrophy (P
> (.05, Table 4). Nine type IV pit patterns on ME were
diagnosed as tumor lesions, pathologically, and 120 cases
of type I -III pit patterns revealed non-neoplastic lesions
without tumor lesions. Thus, the sensitivity, specificity,
and the positive predictive value were 100%, 100% and
100%, respectively (Table 5). Six cases were noted in
patients who had received incomplete resection. Three
cases of piecemeal resection for early gastric cancer were
diagnosed as tumor lesions in spite of histologically
complete resection.

DISCUSSION

Magnifying colonoscopy has already been reported as a
clinically useful tool for diagnosing colorectal tumors™'?,
Furthermore, ME has been confirmed as being superior
to conventional colonoscopy with respect to its predictive
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CE findings (No.) Pathologic results
Non-neoplastic Neoplastic Sensitivity (%) Specificity (%) PPV (%) NPV (%)
(95% CI) (95% CI) (95% CI) (95% CI)
Presence of nodularity (53) 45 8 88.9 (68.4-100) 62.5(53.8-71.2) 151 (55-24.7)  98.7 (96.1-100)
Erythematous lesion (85) 76 9 100.0 36.7 (28.0-45.3)  10.6 (4.0-17.1)  100.0
Presence of ulcer (4) 3 1 111 (0.0-31.6) 975 (94.7-100)  25.0 (0.0-67.4)  93.6 (89.3-97.9)
Total No. 120 9
PPV: Positive predictive value; NPV: Negative predictive value; CE: Conventional endoscopy.
Pit type Pathologic results
Pit type Foveolar Gland Intestinal Atrophy Fibrosis Non-neoplastic Neoplastic
hyperplasia congestion metaplasia
. I: Round 47 0
1 0t WEE R Ll il I: Short rod or tubular 54 0
0.9 048 L1 L1 0.19 II: Branched or gyrus-like 19 0
il 0.84 0.79 1.05 1.26 0.11 i il
o IV: Destroyed 0 9
IV (coexisting 0.78 0.89 1.33 1.56 0.33 Total No. 120 9
findings with
tumor) 'Sensitivity: 100%; Specificity: 100%; Positive predictive value: 100%.
P value 0.837 0.244 0.828 0.344 0.644

Scored from 0 to 3, respectively (0 = normal, 1 = mild, 2 = moderate, 3
= severe). 'Statistical significances were tested by one-way analysis of
variance.

power for diagnosing pathological neoplasms detected
during endoscopy. Technological improvements in
recent years have demonstrated that ME can identify
the fine mucosal patterns of the gastrointestinal tract,
and it is now evident that the findings obtained from
this new procedure correlate positively with histological
ﬁndingsm’zm, and that ME can help determine the target
biopsy site during surveillance in Barrett’s esophagusp‘sl.
Despite these advances, however, there have been few
studies investigating whether ME is capable of improving
the rate of prediction for pathological diagnosis of gasttic
scar lesions after ER in early gastric neoplasm beyond
that of the conventional method. To the best of our
knowledge, this is the first description in the English
literature of magnifying endoscopic classification and
the characteristic definition of gastric post-ER scar
lesions which includes comparative pathology for both
magnifying and conventional procedures.

Diagnosis of early gastric cancer relies on macroscopic
findings by CE, namely flat, elevated, or depressed; color
identical to the neighboring noncancerous area, red or
pale; the presence of granules or nodules; the presence
or absence of ulcers; and the presence or absence of
fold conversions, among others'. During diagnostic
endoscopy, the endoscopist usually takes routine biopsies
from even inconspicuous lesions that appear slightly
erythematous, discolored, flat, granular, or shallow
depressed mucosal areas in the stomach"**". There has
been no definitive description of which findings require
endoscopic biopsy or where we have to target the biopsy
in post-ER scar lesions in early gastric neoplasm. In
our study, nodularity and erythematous lesions revealed
the presence of tumors (sensitivity, 88.9% and 100%,

respectively). One of 4 ulcer lesions revealed the presence
of tumor (sensitivity, 11.1%). These CE findings were
important in differentiating tumors in post-ER scars, but
these findings in post-ER scar lesions are not specific to
tumorous lesions (positive predictive value: 10.6-25.0%)
in terms of diagnosing recurrence or suspected tumor
in this study. Additionally, these findings give no specific
information as to where we must target biopsies in certain
large post-ER scar lesions. We cannot ignore endoscopic
biopsy in cases with these endoscopic findings, which
requires additional costs and is invasive in certain cases
with no tumorous post-ER scar lesions.

Nevertheless, there is controversy regarding whether
endoscopists should perform a biopsy during every
follow-up study after complete ER. Recently, several
endoscopists have suggested that short-term endoscopic
examination is not necessary since complete ESD was
introduced”. With recent advances in endoscopic
skill and equipment, gastric neoplasms can be resected
more completely by ESD, a technique that can produce
larger and safer margins around the tumor compared
to conventional EMR, thus making the rate of tumor
recurrence very low. Recent ESD results have achieved
greater than 95% en bloc resection as well as excellent
survival rates”*!, In short-term follow-up endoscopic
examinations in post-ER scars, the presence of a
tumor can be considered residual tumor rather than
the recurrence of a new tumor when we consider the
doubling time of eatly gastric neoplasm.

Using ME, we classified post-ER scar lesions
according to the fine gastric mucosal pit patterns of
sulci and ridges as follows: (I) round pit patterns; (II)
short rod or tubular pit patterns; (Ill) branched or gyrus-
like pit patterns; and (IV) destroyed pit patterns. Non-
tumorous lesions in post-ER scars included type I, II,
and Il pit patterns, and none of these pit patterns were
identified as histologically discernable tumorous lesions
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in our study. All the tumor lesions were noted in post-
ER scar lesions with the type IV pattern. Our results
suggest that the ME pattern may be considered a useful
diagnostic tool capable of replacing the more invasive
technique of endoscopic biopsy or identifying the target
biopsy site in cases with mixed pit patterns.

Although there was no statistical significance in the
relationship between endoscopic findings and other
non-neoplastic pathologic findings, type Il or IV pit
patterns exhibited slightly higher histological scores in
terms of gland congestion, intestinal metaplasia, and
atrophy. High scores with regard to gland congestion
may play a role in the regeneration process, and high
scores with regard to the other two findings may be
suspected in relation to pathology near the original
gastric neoplasm before ER. We were unable to evaluate
whether these findings demonstrated a tendency toward
tumor development. A longitudinal long-term follow-up
study is needed to determine the significance of these
non-neoplastic pathologic findings, and a large-scale
study is needed to assess the relationship between these
pathologic findings and the presence of tumors in post-
ER scar lesions.

In this study, none of the patients who had been
treated with complete ez bloc resection by ESD had the
type IV pattern, and no tumor lesions were observed
pathologically in these patients. Nine tumor lesions were
noted in cases with incomplete resection (6 cases) and
piecemeal resection by EMR (3 cases). Consequently,
we believe that ME will be useful in predicting the
pathological diagnosis of tumorous lesions in post-ER
scars, especially after incomplete or piecemeal resection.
Furthermore, compatred with CE, ME might be a useful
alternative to biopsies, especially for short-term follow-
up after complete ez bloc resection by ESD.

There were, however, some limitations to our study:
(1) we focused on the simple characteristics of the
mucosal pit structures of scar lesions at 2 mo after
ER. We could not evaluate the vascular pattern and the
validity of various pathologic findings using our short-
term results. In addition, we need a long-term follow up
study to confirm the final histology in lesions shown to
be non-neoplastic in nature with type I -1l pit patterns.
(2) We enrolled only nine cases with type IV pit pattern
because the therapeutic outcome of ER is excellent in
gastric neoplasms. We could not discuss the diagnostic
accuracy overall but could only do so in the nine cases
with type IV pit pattern. A larger study with more cases
to obtain a statistically meaningful accuracy is required
in order to detect tumot recurrence in scar lesions
following ER. (3) In terms of our procedure, the use of
a transparent cap limited our survey capacity because
it produced a narrow window of view and was very
time consuming. After these procedural handicaps are
overcome, large-scale and longitudinal follow-up studies
should be pursued.

In conclusion, ME findings can detect the presence
of tumors through detailed classification of post-
ER scar lesions. ME may also help in decision-making
regarding whether to perform biopsies and in identifying

the target biopsy site in the short-term follow-up of
post-ER scars in early gastric neoplasm. As stated above,
however, further large-scale and long-term studies
are required to determine whether ME can replace
endoscopic biopsy.
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Abstract

AIM: To identify the genes related to lymph node
metastasis in human hepatocellular carcinoma
(HCC), 32 HCC patients with or without lymph node
metastasis were investigated by high-throughput
microarray comprising 886 genes.

METHODS: The samples of cancerous and non-

cancerous paired tissue were taken from 32 patients
with HCC who underwent hepatectomy with lymph
node dissection. Total RNA was extracted from the cells
obtained by means of laser microdissection (LCM) and
was amplified by the T7-based amplification system.
Then, the amplified samples were applied in the cDNA
microarray comprising of 886 genes.

RESULTS: The results demonstrated that 25 up-
regulated genes such as cell membrane receptor,
intracellular signaling and cell adhesion related genes,
and 48 down-regulated genes such as intracellular
signaling and cell cycle regulator-related genes,
were correlated with lymph node metastasis in
HCC. Amongst them were included some interesting
genes, such as MET, EPHAZ, CCND1, MMP2, MMP13,
CASP3, CDH1, and PTPNZ2. Expression of 16 genes
(MET, CCND1, CCND2, VEGFE, KRT18, RFC4, BIRCS,
CDC6, MMP2, BCL2A1, CDH1, VIM, PDGFRA, PTPNZ,
SLC25A5 and DSP) were further confirmed by real-time
quantitative reverse transcriptional polymerase chain
reaction (RT-PCR).

CONCLUSION: Tumor metastasis is an important
biological characteristic, which involves multiple
genetic changes and cumulation. This genome-wide
information contributes to an improved understanding
of molecular alterations during lymph node metastasis
in HCC. It may help clinicians to predict metastasis of
lymph nodes and assist researchers in identifying novel
therapeutic targets for metastatic HCC patients.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC), endemic to sub-
Saharan African and Asian with a rising incidence in
Western countties, is one of the most common fatal
malignancies in the world"™. This is due to different risk
factors. Chronic hepatitis B virus (HBV), hepatitis C
virus (HCV) infection” and exposure to the carcinogen
aflatoxin® are important risk factors for African and
Asian populations. HCC has a poor prognosis, with a
5-year survival of less than 3% in inoperable cases. The
high mortality associated with this disease is mainly
attributed to its high tendency to metastasize. In fact,
local lymph node and blood metastases could occur
at an early stage, which may be the key factors related
to its recurrence and poor prognosis”. Thus, a better
understanding of the molecular mechanism of metastasis
can improve prevention and treatment of HCC.

Metastatic spread of tumor cells is a process involving
multiple steps. To metastasize, tumor cells need to
detach from the primary tumor mass, migrate to a
distant secondary site, and rapidly expand in the new
environment. The whole process requires activation and
deactivation of multiple specific genes'®”. The present
challenge is to identify the crucial genes controlling the
metastasis and determine the regulatory mechanism of
these genes. Hence, global analysis of expression profiles
of a large number of genes in clinical HCC specimens
is an essential step to clarify the detailed mechanism and
discover potential biomarkers of lymphatic metastasis in
HCC. Microarray techniques, which have been developed
since the early 1990s, provide a platform where one
can measure the expression levels of tens of thousands
of genes in a sample simultaneouslyls’loj, and it is now
possible to uncover the complete picture of lymphatic
metastasis of HCC. In the current study, we analyzed
gene expression profiles in a total of 32 HCC patients
using cDNA microarray technology and their relation
to pathological features based on lymph node metastasis
staging. Validating the cellular functions of these genes
will help to identify the key or candidate genes/pathways
responsible for lymph node metastasis, which might be
used as diagnostic markers and therapeutic targets for
lymph node metastasis.

MATERIALS AND METHODS

Patient material

The Institutional Review Board on Medical Ethics,
Zhejiang Provincial People Hospital (China), approved the
method of tissue collection. The present study was based
on 32 patients who underwent hepatectomy for sporadic
HCC without preoperative radio- or chemotherapy in the
Surgery Department, Zhejiang Provincial People Hospital.
All of the samples were immediately frozen in liquid
nitrogen, and stored at -80°C until use. A total of 32 HCC
samples from 15 lymph node-negative and 17 lymph
node-positive cases were used (Table 1).

Laser microdissection
The 8 um-thick sections of frozen tissue were

Case Sex Age Hepatitis  Differentiated TNM score
virus grade
1 M 54 HBV WD TINOMO
2 M 60 HCV WD TINOMO
3 F 61 HBV WD T2NOMO
4 M 62 HBV WD T2NOMO
5 M 58 HBV WD TINOMO
6 F 56 HCV MD T3NOMO
7 F 44 HBV WD T2NOMO
8 M 49 HCV WD TINOMO
9 M 58 HBV WD T2NOMO
10 M 67 HCV PD T3NOMO
11 M 69 HBV WD T2NOMO
12 F 63 HCV WD TINOMO
13 M 48 HCV MD T2NOMO
14 F 63 HBV WD TINOMO
15 M 49 HCV MD TINOMO
16 F 51 HBV PD T3N1MO
17 M 65 HCV MD T3N1MO
18 F 58 HBV PD T4N1M1
19 M 60 HBV MD T2N1MO
20 F 56 HCV PD T3N1M1
21 M 42 HCV PD T3N1MO
22 M 55 HBV PD T4N1M1
23 M 66 HBV MD T3N1MO
24 F 70 HCV WD T2N1MO
25 M 58 HBV PD T4N1M1
26 M 53 HCV PD T3N1MO
27 M 61 HBV PD T4N1MO
28 F 65 HBV MD T3N1MO
29 M 59 HCV MD T3N1M1
30 M 50 HBV PD T3N1IMO
31 F 63 HCV PD T4ANIM1
32 M 66 HCV PD T3N1MO

M: Male; F: Female; HBV: Hepatitis B virus infection; HCV: Hepatitis
C virus infection; WD: Well differentiated HCC; MD: Moderately
differentiated HCC; PD: Poorly differentiated HCC.

continuously cut at -20°C and stained with H&E. Under
microscopic observation, parts of cancer cell nests in the
invasive and intraductal components were microdissected
using the LM100 laser capture microdissection system
(Arcturus Engineering, Mountain View, CA, USA).
We used a 15 pm-diameter beam to capture the tumor
cells and corresponding noncancerous liver tissues,
respectively. The cell nests were transferred to the laser
microdissection (LCM) transfer film (CapSure TF-
100S transfer film carrier, 5 mm-diameter optical-grade
transparent plastic; Arcturus Engineering).

RNA preparation and T7-based RNA amplification

Total RNA was isolated from the dissected specimens
using Trizol reagent (Gibco BRL) and a modified acidic
guanidinium phenol-chloroform method, following
the manufactures recommendations. Total RNA was
treated with DNase [ for removal of genomic DNA.
mRNA was purified using a poly(A) purification kit
(Oligotex, Qiagen ) according to the manufactures
instructions. The quality of mRNA was assessed by
OD 260/280 ratios and the contamination of genomic
DNA was checked using the PCR method. cDNA
was synthesized with T7-oligo (dT) primer (Ambion)
and Superscript II enzyme (Gibco BRL) following
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the instruction manual. cDNA was purified by cDNA
clean-up column (DNA clear™ kit, Ambion). cRNA
was generated by T7 MEGAscript™ kit (MEGAscript
in vitro Transcription Kit, Ambion, Austin, TX, USA)
following the manufactures recommendations. Column
purification of cRNA was performed with RNeasy kit
(Qiagen) according to the manufactures protocol. The
concentration and quality of cRNA were analyzed by
GeneQuant pro RNA/DNA Calculator (Amersham
Pharmacia Biotech, Buckinghamshire, England).

Microarray hybridization and scanning

Human Cancer Chip version 4.0 (IntelliGene, TaKaRa)
was used for these studies. This array was spotted
with 886 cDNA fragments of human genes, which
are composed of 588 kinds of human identified genes
related to cancer and 298 cDNA fragments prescreened
by differential display methods between cancer tissue
and normal tissues, on a glass slide. Three pg of cRNA
from the tumor and the matched normal tissue were
respectively labeled with Cy3-dUTP and Cy5-dUTP
(Amersham Pharmacia Biotech, Buckinghamshire,
England) using a labeling kit (RNA Fluorescence
Labeling Core kit, TaKaRa), following the manufactures
instructions. Labeled probe was purified by centrifugation
in a spin column (Centrisep, Princeton Separations,
Adelphia, NJ). Two separate probes were combined, and
then, 2 pl. of 5 X competitor containing Cotl (Gibco
BRL), poly dA (Amersham Pharmaca Biotech), and
tRNA (TaKaRa) were added. After addition of 50 pL
of 100% ethanol and 2 pL of 3 mmol/L sodium acetate
(pH 5.2), the mixture was cooled at -80°C for 30 min,
followed by centrifugation at 15000 rpm for 10 min. For
final probe preparation, the pellet was washed in 500 pLL
of 70% ethanol twice, and eluted in 10 pL hybridization
buffer (6 X SSC, 0.2% SDS, 5 X Denhardt’s solution,
0.1 mg/mL salmon sperm solution). The probes were
denatured by heating for 2 min at 95°C, cooled at room
temperature, and centrifuged at 15000 rpm for 10 min
(20-26°C). Supernatants were placed on the array and
covered with a 22 mm X 22 mm glass coverslip. The
coverslip was sealed with a glue, and the probes were
incubated overnight at 65°C for 16 h in a custom-made
slide chamber with humidity maintained by underlying
moist papers. After hybridization, the slides were
washed in 2 X SSC with 0.1% SDS, 1 X SSC, and 0.05
X SS8C, sequentially for 1 min each, and then spin dried.
Hybridized arrays were scanned using a confocal laser-
scanning microscope (Affymetrix 428 array scanner,
Santa Clara, CA). Image analysis and quantification were
performed with ImaGene 4.2 software (BioDiscovery)
as per the manufactures instructions.

Data processing

Each spot was defined by manual positioning of a grid
of circles over the array image. For each fluorescent
image, the average pixel intensity within each circle
was determined, and a local background outside of
3 pixel buffer range from the circle was computed
for each spot. Net signal intensity was determined by

subtraction of this local background from the average
intensity of each spot. Signal intensities between the two
fluorescent images were normalized by the intensities
of the housckeeping genes provided on the arrays. The
fluorescence intensities of Cy5 (non-tumor) and Cy3
(tumor) for each target spot were adjusted so that the
mean Cy3:Cy5 ratios of 32 housekeeping gene spots
were equal to one. Because data derived from low signal
intensities are less reliable, we first determined cutoff
values for signal intensities on each slide so that all of
the filtered genes had greater S:N (signal to noise) ratios
of Cy3 or Cy5 than three, and we excluded genes for
further analysis when both Cy3 and Cy5 dyes gave signal
intensities lower than the cutoff. To estimate the range
of expression ratio within which the expression change
could be considered as fluctuation in noncancerous cells,
we compared expression profiles of noncancerous cells
from 6 patients. Because 90% of expression ratios in
noncancerous cells fell within the range of 1.726 and
0.503, we categorized genes into three groups according
to their expression ratios (Cy3:Cy5): up-regulated
(ratio: 2.0); down-regulated (ratio: 0.5); and unchanged
expression (ratios between 0.5 and 2.0); provided that
signal counts of T (Cy3) and R (Cy5) were > 500. Genes
with Cy3:Cyb5 ratios > 2.0 or < 0.5 in more than 75% of
the cases examined were defined as commonly up- or
down-regulated genes, respectively.

Real-time reverse transcription-PCR

LightCycler (Roche Diagnostics) technology was applied
to confirm the data which were obtained by cDNA
microarray. The primer sequences of 16 genes were
obtained from the GDB Human Genome Database
(http://www.gdb.otg/gdb/). We used the same RNA
from the dissected cells in microarray analysis. First-
strand cDNA was obtained by reverse transcription
using a commercially available kit (first strand synthesis
kit, Amersham). For each PCR, 2 pL (20 ng) first
strand cDNA template, 50 pmol of each primer, 2.4 pl.
(3 mmol/L) MgClz, and 2 pL. 10 X SYBR Green I
(Roche Laboratories) were mixed in 20 pL. of PCR
mixture. The running protocol has been programmed
based on the following three steps. In the first step,
initial denaturation, reaction mixture was incubated for
10 min at 95°C. In the second step, DNA was amplified
for 45 cycles at 95°C for 10 s, specific annealing
temperature (the primer sequences dependent) for 0-10
s, and elongation at 72°C for some seconds (amplicon
[bp]/25 s). Finally, the temperature was raised gradually
(0.2°C/s) from the annealing temperature to 95°C for the
melting curve analysis. Twelve yL. of PCR products were
visualized by electrophoresis on 2% agarose gel stained
with ethidium bromide. The amount of gene expression
was normalized to the amount of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) using Human
GAPDH kit (GmbH Heidelberg, Heidelberg, Germany).
We carried out qRT-PCR analysis in triplicate for
each cDNA sample and used median values in three
experiments. Up- and down-regulation were defined as
the median value > 2.0 and < 0.5, respectively.
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Figure 1 Scatter plots of cDNA microarray analysis. Primary carcinoma cells (Cy3-labeled) and normal cells (Cy5-labeled) from case 20 are labeled and

hybridized to the cDNA microarray.

Statistical analysis

A statistical analysis among mean values was performed
on the association of lymph node metastasis with
expression levels by applying non-parametric Kruskal-
Wiallis and Mann-Whitney U tests. Statistical significance
was defined as a P-value < 0.05. Differential expression
between the groups of lymph node metastasis and
the group of non-lymph metastasis was considered
significant, where P value < 0.05.

RESULTS

Quality analysis of total RNA after LCM and cRNA
after T7-based amplification was carried out. About
20 slides were prepared in every sample, and the target
cells were captured with at least approximately 1000
cells per slide. Consequently, we captured a total of
approximately 25000-30000 tumor and normal cells for
RNA extractions, respectively. The quality of total RNA
extracted after LCM was assessed by A260/A280 and
electrophoresis. To be considered for microatrray analysis,
the RNA samples needed to pass the quality control
critetia, namely integrity of 28S and 18S, and A260/A280
greater than 2.0. Products of cDNA synthesis and cRNA
were also checked by A260/A280 and electrophoresis.
Results showed that A260/A280 of all the RNA samples
met the quality control criteria for sample preparation.
Clear image appearance of 28S and 18S of ribosomal
RNA was seen under the electropherogram for each total
RNA sample, which had to be considered as intact or
without degradation. RNA was subjected to two rounds
of T7-based RNA amplification after removal of DNA
contamination by RNase-free DNase I treatment as
described in Methods. All RNA was successfully amplified
an estimated 250-fold by using T7 RNA polymerase.
cDNA synthesis and cRNA showed satisfactory quality
control criteria, which was 1.5 kb < cDNA < 5.0 kb;
1.0 kb < ¢cRNA < 4.5 kb); and A260/A280 ratio of
cDNA and cRNA greater than 2, respectively.

Identification of expressed genes associated with lymph
node metastasis
After reverse transcription, each cDNA probe was

labeled with Cy3- or Cy5-conjugated dyes and hybridized
to microarray cDNAs with 886 genes. We evaluated the
expression profiles comparing the cancer cells and the
corresponding normal cells in each case. A representative
scatter plot of microarray analysis between the metastatic
carcinoma cells and non-cancerous tissue in case 20 is
shown in Figure 1. Up-, down-regulated and unchanged
genes indicated by red, green and blue spots respectively
are shown in Figure 2. We first arranged the relative
expression of each gene (Cy3/Cy5 intensity ratio) into
one of four categories: up-regulated (ratio: > 2.0), down-
regulated (ratio: < 0.5), unchanged (ratio: between 0.5
and 2.0), and not expressed (or slight expression but
under the cutoff level for detection).

To identify the genes related to lymph node
metastasis, 32 cases were divided into two groups:
a metastatic group in which lymph node metastasis
was positive in 17 patients (No. 16-32) and a non-
metastatic group in which lymph node metastasis was
negative in 15 patients (No. 1-15) (Table 1). When
comparing gene expression profiles between two
groups, there were 25 genes that were commonly up-
regulated and expressed more than 1.87-fold in the
lymphatic metastasis groups compared with those in
the negative groups. On the other hand, 48 down-
regulated expressed genes were significantly correlated
with the lymphatic metastasis groups. Tables 2 and 3
show the list of these differentially expressed genes and
their category based on GO (Gene Ontology) system
and TreeView. The up-regulated genes were associated
with cell adhesion molecules, cell membrane receptors,
intracellular signaling related genes, etc. The up-regulated
genes included interesting genes, such as MET, EPH.A2,
CCND1, MMP2 and MMP173. The down-regulated genes
were mostly cell adhesion molecules, cell cycle regulators
and intracellular signaling molecules. The down-regulated

genes included CASP3, CDHT, and PTPNZ.

Gene expression confirmation by real-time RT-PCR
To investigate the reliability of ¢cDNA microarray data,
real-time quantitative RT-PCR was performed for

measuring the expression levels of 16 genes (MET,
CCND1, CCND2, VEGF, KKRT'18, RFC4, BIRC5, CDC,
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Figure 2 A representative of cDNA microarray
expression pattern obtained from case 20. Up-, down-
regulated and unchanged genes are indicated by red,
green and blue spots, respectively.

Gene name Symbol® Accession® Fold change* pN1:pNO*
Cell adhesion proteins
CD58 antigen, (lymphocyte function-assocoated antigens) CD58 NM_001779 7.75 2.28
Integrin oM ITGAM NM_000632 5.04 2.06
Integrin g5 ITGB5 NM_002213 3.98 1.87
Opioid-binding protein/cell adhesion molecule-like OPCML NM_002545
Cell membrane receptor
CD86 antigen, (CD28 antigen ligand 2, B7-2 antigen) CD86 NM_006889 6.76 2.33
v-jun sarcoma virus 17 oncogene homolog (avian) JUN NM_002228 7.43 227
Met proto-oncogene (hepatocyte growth factor receptor) MET NM_000245 10.11 3.46
EphA2 EPHA2 NM_004431 8.26 213
Epidermal growth factor receptor [avian erythroblastic leukemia viral EGFR NM_005228 8.35 2.62
(v-erb-b) oncogene homolog]
Cell death regulator
BCL2/adenovirus E1B 19kDa interacing protein 3 BNIP3 NM_004052 3.88 2.29
Sema domain, immunoglobulin domain (Ig), transmembrane domain SEMA4D NM_006378 5.71 3.64
(TM) and short cytoplasmic domain, (semaphorin) 4D
Intracellular signaling
Rho GDP dissociation inhibitor y ARHGDIG NM_001175 537 1.97
Ras-related C3 botulinum toxin substrate 3 (rho family, small GTP RAC3 AK054993 4.63 2.07
binding protein Rac3)
Insulin-like growth factor binding protein 3 IGFBP3 M35878 5.39 215
Coagulation factor II (thrombin) receptor F2R NM_001992 6.17 243
Growth/ differentiation factor
Vascular endothelial growth factor C VEGFC NM_005429 5.68 247
Cell cycle regulator
Cyclin D1 (PRAD1: parathyroid adenomatosis 1) CCND1 NM_053056 11.56 431
Cyclin-dependent kinase 4 CDK4 NM_000075 8.73 3.59
Others
Tissue inhibitor of metalloproteinase 3 (Sorsby fundus dystrophy, TIMP3 NM_000362 3.95 1.89
pseudoinflammatory)
Ubiquitin-conjugating enzyme E2A (RAD6 homolog) UBE2A NM_003336 4.38 1.95
v-yes-1 Yamaguchi sarcoma viral oncogene homolog 1 YES1 NM_005433 5.66 2.37
P450(cytochrome) oxidoreductase POR AF258341 474 1.99
Matrix metalloproteinase 13 MMP13 NM_00247 5.67 2.45
Matrix metalloproteinase 2 (gelatinase A, 72kD gelatinase, 72kD type MMP2 NM_004530 7.13 3.36

IV collagenase)

‘Symbol in LocusLink database; *GeneBank accession number; “Fold change, ratio of mean expression values in lymph node metastasis cases (cancer cells vs

non-cancerous cells); ‘pN1:pN0, ratio of mean expression values (lymph node positive cases to lymph node negative cases).

MMP2, BCI.2AT1, CDH1, IVIM, PDGFRA, PTPN2,
SLC25A45 and DSP). One representative case (case 8) is
shown in Figure 3. We used cDNA synthesized from 32
pair samples without amplification as template for real-
time quantitative reverse transcription PCR. The results
demonstrated that the samples obtained by means of
T7-based amplification well reflected the status of the
original RNA in a proportional manner.

DISCUSSION
The application of high-throughput cDNA microarray

permits simultaneous analysis of genome-wide
expression of thousands of genes in a sample and to
investigate the correlation between clinicopathological
: [8-10] :
phenotypes and gene expression status . This
technology is a powerful tool for screening genes,
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Gene name Symbol’ Accession® Fold change® pN1:pNO?
Cell adhesion proteins
Desmoplakin (DPI, DPII) DSP NM_004415 -14.22 0.24
Protocadherin gamma subfamily C, 3 PCDHGC3 NM_002588 -7.88 0.41
Integrin, beta 4 ITGB4 NM_000213 -13.39 0.26
Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) ITGA3 NM_002204 -6.24 0.38
Catenin (cadherin-associated protein), alpha 1 (102kD) CTNNA1 NM_001903 -8.53 0.37
Cadbherin 1, type 1, E-cadherin (epithelial) CDH1 NM_004360 -15.85 0.25
Cell cycle regulator
Cell division cycle 25B CDC25B NM_021784 -6.90 0.46
Cyclin-dependent kinase 5 CDK5 NM_004935 -5.51 0.48
Cyclin D2 CCND2 NM_001759 -6.29 0.43
Microtubule-associated protein, RP/EB family, member 1 MAPRE1 NM_012325 -13.16 0.29
Protein phosphatase 1D PPM1D NM_003620 -11.77 0.39
Ataxia telangiectasia and Rad3 related ATR NM_001184 -7.86 0.41
Protein phosphatase 2, regulatory subunit B (B56), alpha isoform PPP2R5A NM_006243 -3.89 0.49
Intracellular signaling
Mitogen-activated protein kinase 14 MAPK14 NM_001315 -5.67 0.43
Mitogen-activated protein kinase 7 MAPK7 NM_002749 -7.15 0.39
Mitogen-activated protein kinase 4 MAPK4 NM_002747 -3.83 0.32
Small inducible cytokine B subfamily (Cys-X-Cys motif), member 13 (B-cell SCYB13 NM_006419 -4.58 0.46
chemoattractant)
Signal transducer and activator of transcription 5B STAT5B NM_012448 -8.13 0.37
Serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 1 SERPINB1 NM_030666 -4.47 0.48
Serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 2 SERPINB2 NM_002575 -5.72 0.41
SH3-domain binding protein 2 SH3BP2 AB000462 -3.29 0.52
G protein-coupled receptor kinase 6 GPRK6 NM_002082 -14.12 0.29
GTP-binding protein ragB RAGB NM_016656 -6.77 0.46
Protein tyrosine phosphatase, receptor type, F PTPRF NM_002840 -7.21 0.34
Cell membrane receptor
EphB6 EPHB6 NM_004445 -12.88 0.38
Kangai 1 (suppression of tumorigenicity 6, prostate; CD82 antigen (R2 KAIl NM_002231 -2.24 0.67
leukocyte antigen, antigen detected by monoclonal and antibody 1A4)
Small inducible cytokine subfamily A (Cys-Cys), member 25 SCYA25 NM_005624 -3.76 0.72
Monoglyceride lipase MGLL NM_007283 -4.66 043
Interferon (alpha, beta and omega) receptor 1 IFNAR1 NM_000629 -2.39 0.81
Insulin-like growth factor binding protein 6 IGFBP6 NM_002178 -3.53 0.62
Metabolic enzyme
Serine protease inhibitor, Kunitz type, 2 SPINT2 NM_021102 -5.44 0.46
Protein phosphatase 2, regulatory subunit B (B56), alpha isoform PPP2R5A NM_006243 -7.12 0.37
Protein tyrosine phosphatase, non-receptor type 2 PTPN2 NM_002828 -19.73 0.23
Deoxyribonuclease I-like 3 DNASE1L3 NM_004944 -8.23 0.29
Cathepsin L CTSL NM_001912 -4.39 0.37
Cell death regulator
Caspase 3, apoptosis-related cysteine protease CASP3 NM_004346 -14.57 0.29
Programmed cell death 10 PDCD10 NM_007217 -7.19 0.36
DNA damage response
Ataxia telangiectasia and Rad3 related ATR NM_001184 -4.78 048
X-ray repair complementing defective repair in Chinese hamster cells 5 XRCC5 NM_021141 -2.59 0.73
(double-strand-break rejoining; Ku autoantigen, 80kD)
Mouse double min 2 MDM2 NM_002392 -6.37 0.51
Growth/ differentiation factor
Bone morphogenetic protein 5 BMP5 NM_021073 -2.78 0.53
Keratin 4 KRT4 NM_002272 -3.12 0.62
Keratin 13 KRT13 NM_002274 -4.24 0.48
Connective tissue growth factor CTGF NM_001901 -5.51 0.42
Others
Heat shock 70kDa protein 4 HSPA4 AB023420 -3.19 0.56
Retinoid X receptor, o RXRA NM_002957 -2.89 0.77
Ubiquitin-activating enzyme E1-like UBEIL NM_003335 -2.95 0.53
Solute carrier family 25 (mitochondrial carrier; adenine nucleotide SLC25A5 NM_001152 -6.18 0.46

translocator), member 5

*Symbol in LocusLink database; "GeneBank accession number; “Fold change, ratio of mean expression values in lymph node metastasis cases (cancer cells vs
non-cancerous cells); ‘pN1:pNO, ratio of mean expression values (lymph node positive cases to lymph node negative cases).

the expression of which can be correlated with specific patterns that may reflect prognosis and drug
pathological phenotypes of various tumors'*'?, Analysis sensitivity of tumor cells but has also revealed the
of gene expression profiles not only has disclosed identity of genes involved in malignant transformation,
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Figure 3 Relative abundance of the mRNA levels of 16 genes in one
representative case (case 8), determined by cDNA microarray and real-
time RT-PCR, respectively.

. . 13-16
progression, and metastasis of tumors'” . However,

the existence of bulky surrounding cells produces much
interferential noise information because of interstitial
effects"’). Therefore, selection of cancer cells using
LCM is of indispensable value in combination with
the cDNA microarray. This study clearly demonstrated
that an analysis of global gene expression profiles
can be performed with RNA samples obtained from
primary HCC tissues by using LCM, T7-based RNA
amplification, and cDNA microarray. It is thus possible
to focus directly on the gene expression profile of an
individual cell population consisting of tumor tissue.
Lymph node metastasis is one of the most important
prognostic factors in HCC patients™"”, This is a highly
selective sequential step involving multiple genes,
multiple signals pathways and regulatory mechanisms
during the process, which favors the survival of a
subpopulation of metastatic cells preexisting within
the primary tumor mass to produce clinically relevant
metastases” . The metastatic cells exhibit a complex
phenotype that is regulated by transient or permanent
alterations in various genes at mRNA level. In the
present study of HCC patients, we compared gene
expression in lymph node metastasis and in those
without lymph node metastasis by using cDNA
microarray analysis. We found that 25 up-regulated and
48 down-regulated genes were correlated with lymph
node metastasis of HCC. The up-regulated genes
included cell adhesion related genes (CD58, ITGAM,
ITGB5, OPCML), cell membrane receptor (CD&6,
JUN, MET, EPHAZ2, EGFR), cell death regulator
(BNIP3, SEM.A4D), intracellular signaling related
genes (ARHGDIG, RAC3, IGFBP3, F2R), growth/
differentiation factor (IVEGFC), cell cycle regulator
(CCND1, CDK4), and other genes (TIMP3, UBE2A,
YEST, POR, MMP13, MMP2). The down-regulated
genes included cell adhesion related genes (DSP,
PCDHGC3, ITGB4, ITGA3, CTNNAT1, CDHT), cell
cycle regulator (CDC25B, CDK5, CCND2, MAPRET,
PPM1D, ATR, PPP2R5.A), intracellular signaling related
genes (MAPK714, MAPK7, MAPK4, SCYB13, STATS5B,
SERPINB1, SERPINB2, SH3BP2, GPRK6, RAGB,
PTPRF), cell membrane receptor (EPHB6, KAIT,
SCYA25, MGLL, IFNART, IGFBP6), metabolic enzyme

(SPINT2, PPP2R5A, PTPN2, DNASET1L3, CTSL),
cell death regulator (CASP3, PDCD10), DNA damage
response related genes (ATR, XRCC5, MDM2), growth/
differentiation factor (BMP5, KRT4, KRT13, CI'GF), and
other genes (HSPA4, RXRA, UBETL, SLC25.A45).
Amongst these genes are some which are well
documented in the literature as being involved in the
malignant potential of some types of carcinomas.
CCND1, one of the cell cycle regulators, is synthesized
in the G1 phase, mixed with CDK2, CDK4 and
CDKS5, and related closely with cell cycle control®**,
Our results showed that CCND1 is highly expressed
in HCC with lymphatic metastasis, which may be a
useful marker that relates with the poor prognosis of
HCC, and overexpression of CCND1 in HCC without
lymphatic metastasis may be used as useful information
for treatment measures after operanon . CDKA4,
an important member of the CDKs protein family,
was correlated positively with CCND1 as reported by
some documents”?”. Our results showed that CDK4
was remarkably up-regulated in HCC patients with
lymph node metastasis, and was consistently correlated
with that of CCND1”, EphA2, one member of the
tyrosine activating enzyme acceptor Eph family, can be
used as a ligand of ephrins connecting with cells and
involved in cell interaction™. Our study demonstrated
that up-regulation of EphA2 was related to lymph
node metastasis of HCC, however, the mechanism
remains in need of further studies. It has been proven
that the formation of new blood vessels plays a role in
the growth and metastasis of solid tumors, and various
growth factors secreted from tumor cells determine the
pace of the progression processm. It is documented
that VEGF is up-regulated in most solid tumors,
whereas there is few or none in the normal tissues, and
its expression level is positively related with microvessel
density, invasion, metastasis and prognosis of tumors”.
Present results showed that the expression levels of
VEGEF were related closely to the clinical stage of HCC,
its expression levels increased gradually with the increase
of TNM, there were significant differences in expression
levels between HCC patients with and those without
lymph node metastasis (P < 0.05), and its expression
levels were a useful marker of the recurrence, the distant
metastasis and the poor prognosis of HCC (data not
shown). The extracellular matrix (ECM) is the first
barrier during the process of invasion and metastasis of
. Tumor cells and their neighbor interstitial
cells, such as the endothelial cell, the macrophage and

tumor cells®™

so on, may produce a great quantity of proteinase for
degradation of ECM, and help tumor cells to migrate
easily. Of these proteinases, the matrix metalloproteinase
(MMP) is an important one. MMPs can degrade the
stroma collage, which favors the action of tumor cells
to shake off the yoke of ECM and to migrate. This is
the biochemical basis of the circumambience invasion
of tumor cells?. It was found that MMP13 and
MMP2 expressions in HCC with lymph node metastasis
were significantly higher than that of those without
lymph node metastasis, and MMP2 in the lymph

www.wjgnet.com



Lee CF et a/. Lymphatic metastasis-associated genes

363

node metastasis group was 3.12-fold of those without
metastasis. Lymph node metastasis of HCC may be
related to the “thundering” activity of the growth
factor signaling pathwaym. It has been proven that
the signaling pathway of tyrosine kinase receptor and
G-protein connective receptor are the most important
two of all pathways[%]. EGFR, containing the sequence
of tyrosine kinase, was always up-regulated in HCC with
lymph node metatasis patients. It has been reported that
the signaling pathway mediated by all growth factors for
cell proliferation purposes was always dependent on the
tyrosine kinase receptor signaling pathway, and tyrosine
kinase was kept activated in many tumors o,

It has been reported that down-regulation of
desmoplakin (DSP, member of the cadherin family)
is correlated with tumor invasion and metastasis”.
Our results showed that DSP was suppressed in the
lymph node metastasis group compared with the non-
metastasis group. Tumor cells always secrete some new
adhesion molecules when removed from the primary
lesion and grown again in another position, whereas
CTNNA 1 was down-regulated in our results, suggesting
its role was maybe different from that of the primary
lesion™*), E-cadherin (a cell membrane superficial
molecule mediating adhesion among normal cells) was
down-regulated in lymph node metastasis HCC patients.
Ephrin, ligand of tyrosine kinase receptor, was also
down-regulated in the metastasis group. It was reported
that the combination of ephrin-B2 ligand and EphB4
was related to the occurrence and metastasis of some
solid tumors"*. KAI1, a new gene found recently,
was down-regulated in many lymphatic metastasis
tumors, and this gene is associated with the motion
and metastasis of tumor cells'"’. Protein tyrosine
phosphatase, which has an action contrary to that of
tyrosine kinase, takes part in signal regulation, energy
metabolism, cell proliferation and promoting MHCI
expression mediated by many hormones, such as insulin
and epidermal growth factor, and others™*!. The
decrease of tyrosine phosphatase activity may reduce
the MHCI expression of cells superficially so that
tumor cells escape the inspection of the immunological
system™. PTPN2 and PTPRF were down-regulated in
the lymph node metastasis group, suggesting that the
tyrosine phosphatase was associated with invasion and
metastasis of tumor cells* .

Our study demonstrated that lymph node metastasis
comes from the result of the structural and functional
abnormality of cellular and extracellular multigenes,
since many genes and signaling pathways play key roles
during the metastasis of tumor cells by dominating the
cell proliferation, differentiation and death. Potential
metastatic biological behavior of tumor cells was
characteristically the release of cell-cell adhesion,
the abnormality of cell cycle regulator and cell signal
pathways, which suggest that the invasive character
of tumor cells is determined by cellular interaction
with the extracellular environment rather than the
proliferative potential. The abnormality of apoptosis
and proliferation ability may occur owing to loss of

control of the cell cycle and the obstruction of cell
signal molecules transmitting communication, which
may be is one of the mechanisms of accelerating tumor
invasion and metastasis'*"*. Although we were able to
extract some genes related to lymph node metastasis in
HCC, further examination is necessary of other genes as
well as the interaction with stromal tissues. Since these
genes are thought to affect each other, it is important
to further analyze each gene in detail to elucidate the
mechanism of lymph node metastasis in HCC.

COMMENTS

Background

Hepatocellular carcinoma (HCC), endemic to sub-Saharan Africa and Asia
with a rising incidence in Western countries, is one of the most common fatal
malignancies in the world. The high mortality associated with this disease
is mainly attributed to its high tendency to metastasize. In fact, local lymph
node and blood metastases could occur at an early stage, which may be
the key factors relating to its recurrence and poor prognosis. Thus, a better
understanding of the molecular mechanism of metastasis can improve
prevention and treatment of HCC.

Research frontiers

The purpose of this study is to identify the genes related to lymph node
metastasis in human hepatocellular carcinoma (HCC). Thirty two HCC patients
with or without lymph node metastases were investigated by high-throughput
microarray comprising 886 genes. The results demonstrated that 25 up-
regulated genes such as cell membrane receptor, intracellular signaling and
cell adhesion related genes, and 48 down-regulated genes such as intracellular
signaling and cell cycle regulator-related genes, were correlated with lymph
node metastasis in HCC.

Innovations and breakthroughs

The application of high-throughput cDNA microarray permits analysis of
genome-wide expression of thousands of genes in a sample and thus to
investigate the correlation between clinicopathological phenotypes and gene
expression status. This study clearly demonstrated that an analysis of global
gene expression profiles can be performed with RNA samples obtained from
primary HCC tissues by using LCM, T7-based RNA amplification, and cDNA
microarray. Thus, it is possible to focus directly on the gene expression profile
of an individual cell population consisting of tumor tissue.

Applications

This genome-wide information contributes to an improved understanding
of molecular alterations during lymph node metastasis in HCC. It may help
clinicians to predict metastasis of lymph nodes and assist researchers in
identifying novel therapeutic targets for metastatic HCC patients.

Terminology

DNA microarray is a high-throughput and powerful technology used in molecular
biology and in biomedicine areas. It consists of an arrayed series of thousands
of microscopic spots of DNA oligonucleotides. A short section of a gene or other
DNA element can be used as a probe to hybridize a cDNA or cRNA sample
(called target) under high-stringency conditions. Probe-target hybridization is
usually detected and quantified by fluorescence-based detection of fluorophore-
labeled targets to determine relative abundance of nucleic acid sequences in
the target.

Peer review

The authors claimed that the expression of distinct sets of genes was either
enhanced or decreased in hepatocellular carcinoma tissues with lymph node
metastasis, compared with those without any lymph node metastasis. Based
on the clinical information described in this article, the patients with lymph node
metastasis are in more advanced stages (T3, T4, or M1), compared with those
without metastasis. Thus, their observed changes in gene expression may arise
from the local tumor growth or distant metastasis. The authors should exclude
this possibility.
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Abstract

AIM: To examine the prophylactic effect of
glyceryl trinitrate on post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis and
hyperamylasemia.

METHODS: Patients scheduled for ERCP were
randomly divided into study group and placebo
group. Patients in study group and placebo group
were treated with 5 mg glyceryl trinitrate and 100 mg
vitamin C, respectively, 5 min before endoscopic
maneuvers.

RESULTS: A total of 74 patients were enrolled in
the final analysis. Post-ERCP pancreatitis occurred
in 3 patients (7.9%) of the study group and 9
patients (25%) in the placebo group (P = 0.012).
Hyperamylasemia occurred in 8 patients of the study
group (21.1%) and 13 patients (36.1%) of the placebo
group (P = 0.037).

CONCLUSION: Glyceryl trinitrate before ERCP can
effectively prevent post-ERCP and hyperamylasemia.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography
(ERCP) is a widely applied method in the diagnosis
and treatment of pancreatobiliary disease. Post-
ERCP pancreatitis is the most common postoperative
complication of ERCP. Although most cases of post-
ERCP pancreatitis are mild, some may be severe
and lethal. The incidence of post-ERCP pancreatitis
is 1%-40%""" and how to prevent it becomes an
urgent clinical challenge. Some studies on drugs for
preventing post-ERCP pancreatitis are available!™”,
but their results remain debatable. Therefore, most
endoscopy centers do not give patients a conventional
preventive drug therapy. Glyceryl trinitrate, a strong
smooth muscle relaxant, is widely used in treatment
of cardiovascular diseases. Glyceryl trinitrate could
lower the basal pressure in the sphincter of Oddi and
depress the resistance of bile outflow. Moretd ef al®
demonstrated that glycery trinitrate can reduce the
incidence of post-ERCP pancreatitis. This prospective
placebo-controlled double-blind randomized trial
enrolled 74 patients scheduled for ERCP and observed
the preventive effect of glycery trinitrate on post-ERCP
pancreatitis.

MATERIALS AND METHODS

Study population
Seventy-four eligible patients at the age of 18 years and
over were included in this study. ERCP was performed
for them by the same experienced endoscopist.

Patients with acute or active chronic pancreatitis,
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and a nitrate allergic history, and those undergone
sphincterotomy, were excluded.

Research regimen

All the enrolled patients were randomly divided into
study group and placebo group. Patients in study group
took 5 mg sublingual glyceryl trinitrate 5 min before the
procedure, while patients in placebo group took 100 mg
sublingual vitamin C. Patients could receive antibiotics,
analgesics or ataractics as needed, but somatostatin or
octreotide was forbidden. Patients, operators or result
observers were blinded to their grouping.

Observing targets

Serum amylase concentration in each patient was measured
before and 4 and 24 h after endoscopy. Abdominal
pain, fever, vomiting or other symptoms or signs were
observed, and their laboratory or specifically evaluated
results were recorded. Meanwhile, details of therapeutic
endoscopic procedure, including expansion of bile
duct, operating time (hours) and treatment, were also
recorded.

Diagnostic criteria

According to the postoperative complications of
ERCP™ post-ERCP pancreatitis could be defined as
a disease with sustained pancreatitis symptoms (such as
abdominal pain) and high-amylase value over the normal
value after ERCP. Hyperlipidemia was defined as the
higher serum amylase concentration without or only
with mild abdominal pain.

Statistical analysis

Data were analyzed using SPSS11.5 for statistics.

Statistical analysis was performed by Student’s ~test and
2

y -test.

RESULTS

General results

A total of 74 patients were randomly divided into
study group (# = 306) and placebo group (7 = 306). Of
these patients, 6 were eliminated because of intubation
failure, 1 had a Billrothll gastroectomy history, 2 did not
allow endoscopy because of obstruction at duodenal
descending part, and 3 failed to intubate the papilla. All
the patients completed the trial. No significant difference
was found in baseline characteristics between the two
groups, such as gender, age, etiology, duct expansion,
ERCP operating time, or treatment (Table 1).

Incidence of pancreatitis after ERCP

Post-ERCP pancreatitis occurred in 3 patients of the
study group (7.9%), in 9 patients of the placebo group
(25%), showing a significant difference between the
two groups (P = 0.012). The condition of patients who
developed post-ERCP pancreatitis was significantly
improved after conservative treatment (Table 2).

Study group Placebo group P

Demographic characteristics
Number 38 36
Sex ratio (M/F) 15/23 16/20 0.665

Mean age (yr) 6429+1340 63.36+1513 0.781
Etiology 0.972
Choledocholithiasis (cases) 68 31
Others(cases) 5 5
Cholangiectasis (cases) 26 20 0.254
Treatment 0.841
Choledochostomy 26 26
Stent intervention 6 6
Sphincterotomy and drainage 6 4
ERCP operating time (min) 36.89 £20.51 40.00£24.73 0.558

Group PEP Hyperamylasemia Normal
Study 3 8 27
Placebo 9 13 14

p 0.012 0.037

Incidence of hyperamylasemia after ERCP

Hyperamylasemia occurred in 13 patients of the placebo
group (36.1%) and 8 patients of the study group (21.1%).
There was a significant difference between the two

groups (P = 0.037, Table 2).

DISCUSSION

ERCP is an indispensable method for diagnosis and
treatment of hepatic and pancreatobiliary disease.
Pancreatitis is the most common postoperative
complication of it. The nosogenesis may include:
(1) papilla edema due to reiterative intubation at duodenal
papilla leading to pancreatic outflow obstruction,
(2) pancreatic secretion caused by contrast agent over
filling pancreatic duct or excessive contrast agent or
bubbles entering the pancreas, (3) mechanical injury
of pancreatic ducts and acini, (4) bacteria brought by
imaging equipment or liquid infection in pancreatic
duct or triggering original inflammation, (5) edema
around pancreatic duct openings due to excessive
coagulation in duodenal EST (EST) and impeding
outflow of pancreatic secretion. Theoretically, post-
ERCP pancreatitis could be reduced by mitigating
papilla edema, keeping pancreatic and bile ducts open,
controlling pancreatic secretion, avoiding contact of
pancreatic tissue with active enzymes. Glyceryl trinitrate
can relax smooth muscles not only in vascular wall but
also in gastrointestinal tract, especially in the sphincter
of Oddi. Sublingual glyceryl trinitrate shows its effect in
1-2 min and maintains its effect for 30 min. It also
relaxes the sphincter of pancreatic and bile ducts
when ERCP is performed, thus helping intubation and
reducing spasm of sphincter of Oddi, keeping ducts
open for contrast agent and pancreatin drainage, and
reducing post-ERCP pancreatitis.
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Sudhindran ¢z ai"" suggested that sublingual glyceryl
trinitrate (2 mg) before ERCP could relax sphincters,
induce intubation and reduce 10% postoperative
pancreatitis. Our study revealed that sublingual glyceryl
trinitrate (5 mg) before ERCP could reduce pancreatitis
and hyperamylasemia. Kaffes ¢7 al'"! showed that
ransdermal GTN could not improve the success rate of
ERCP cannulation or prevent post-ERCP pancreatitis in
either average or high-risk patient groups.

There was a significant difference between the
study and placebo groups. Compared with other drugs,
glyceryl trinitrate is inexpensive, convenient and has less
side-effects, and can be used as a prospective drug for
preventing post-ERCP pancreatitis.

COMMENTS

Background

Endoscopic retrograde cholangiopancreatography (ERCP) is a widely applied
method for the diagnosis and treatment of pancreatobiliary disease. Post-ERCP
pancreatitis is the most common postoperative complication of ERCP and how
to prevent it has become an urgent clinical challenge.

Research frontiers

ERCP is an indispensable method for the diagnosis and treatment of
hepatic and pancreatobiliary disease, and pancreatitis is the most common
postoperative complication of it. There are some studies on drugs for preventing
post-ERCP pancreatitis, but their results remain debatable. Therefore, most
endoscopy centers do not give patients a conventional preventive drug therapy.

Innovations and breakthroughs
This trail revealed that sublingual glyceryl trinitrate (5 mg) before ERCP could
reduce pancreatitis and hyperamylasemia.

Applications

Sublingual glyceryl trinitrate (5 mg) 5 min before the ERCP can prevent
post-ERCP pancreatitis. Compared with other drugs, glyceryl trinitrate is
inexpensive, convenient and has less side-effects, and can be as a prospective
drug for preventing post-ERCP pancreatitis.

Terminology

Post-ERCP pancreatitis stands for post-endoscopic retrograde cholangio-
pancreatography pancreatitis; ERCP stands for endoscopic retrograde cholangi
opancreatography.

Peer review

Pancreatitis is the most common postoperative complication of ERCP. This
study showed that glyceryl trinitrate could relax the sphincter of pancreatic and
bile ducts when ERCP was performed, thus helping intubation and reducing
the spasm of sphincter of Oddi, keeping ducts open for contrast agent and
pancreatin drainage, and reducing post-ERCP pancreatitis. Glycery! trini-

trate is inexpensive, convenient and has less side-effect, and can be used a
prospective drug for preventing post-ERCP pancreatitis.
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Abstract

AIM: To investigate the inhibitory and anti-metastatic
effect of mutant p27 gene (p2/mt) on the growth of
colorectal cancer xenografts in nude mice and its un-
derlying mechanism.

METHODS: Inhibitory effect of p27mt gene on the
growth of colorectal cancer xenografts was determined
by measurement of tumor size before and after direct
intra-tumoral injection of Ad-p27mt in a pre-established
transplantation model of human colorectal cancer in
nude mice. Cell cycle and apoptosis were detected by
flow cytometry performed on single-cell suspension
from an isolated tumor. Expression of MMP-9 in tumor
tissue was detected by immunohistochemistry.

RESULTS: The average sizes of transplantation tu-
mors were 1.94 £+ 0.67 cm’, 2.75 + 0.83 cm’ and
3.01 £ 0.76 cm’ in the Ad-p27mt, Ad-LacZ and control
groups, respectively (P < 0.05). The average prolifera-
tion rates were 37.34% + 1.45%, 53.16% + 3.27%
and 54.48% = 2.43%, in the Ad-p27mt, Ad-LacZ and
control groups, respectively (P < 0.05). The average
apoptosis rates were 19.79% = 3.32%, 6.38% £ 4.91%
and 7.25% + 5.20% in the Ad-p27mt, Ad-LacZ and
control groups, respectively (P < 0.01). The average

MMP-9 expression rates were 20%, 75% and 66.7%
in the Ad-p27mt, Ad-LacZ and control groups, respec-
tively (P < 0.01).

CONCLUSION: p27m¢t inhibits the growth of
transplanted tumor by blocking the proliferation of
cancer xenografts and by promoting apoptosis of
transplantated tumor cells, as well as decrease transpl-
anted tumor metastasis.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Along with the improvement of people’s living standard
and change in diet, there has been a gradual increase in
the incidence of colorectal cancer”. None of the current
treatment modalities for colorectal cancer, including
surgery, radiotherapy and chemotherapy, is effective. With
the advent of post-genomic era, the function of genes has
become a priority research area and brought the dawn in
gene therapy for tumor. Since p27 is an anti-oncogene, this
study was to evaluate the inhibitory and anti-metastatic
effect of p27mt gene on the growth of colorectal cancer
xenografts in nude mice and its underlying mechanism
and to provide the theoretical basis for the use of p27 in
clinical treatment of colorectal cancet.

MATERIALS AND METHODS

Cell line and adenovirus

Lovo cell line, purchased from the Center for Type
Culture Collection of Wuhan University, was cultured
in RPMI 1640 medium. Working density of Levo cells
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Figure 1 Comparison of transplanted tumor volume among different
groups (cm®). °P < 0.050 vs Ad-Lacz, °P > 0.05 vs control.

was 1 X 10°/mL, with living cell count by trypan blue >
99%. Ad-LacZ was constructed and presented by Wang
et al”. Ad-p27mt was self-constructed"”.

Establishment of transplantation model of colorectal
cancer in nude mice and grouping

Thirty-six BALB/C nude mice, 4-6 wk old, and weighing
18-25 g, were purchased from the Laboratory Animal
Management Center of Hubei Province. Lovo cell
suspension (0.2 mL) was inoculated subcutaneously at
the right back skin of each nude mouse. Upon tumor
development, 27 nude mice whose tumor size was 0.5-
1.5 cm in diameter were randomly assigned to control
group, Ad-LacZ group or Ad-p27mt group. PBS (0.1 mL),
Ad-TacZ (0.1 mL) with a virus density of 10" pfu/mlL,, or
Ad-p27mt (0.1 mI) with a virus density of 10" pfu/ml.
was directly injected into the tumor of nude mice in the
three groups, respectively, once every 3 d, for 28 d.

Determination of transplanted tumor size

Transplanted tumor size was calculated according to the
following formula: V = abz/ 2, where a and b represent
the length and width of the xenograft, respectively.

Flow cytometry

The 28th day after virus injection into the transplanted
tumor, all mice were sacrificed with their tumors
removed, weighed and photographed. Tumor tissue
(15 g) was used in preparation of single cell suspension.
Two hundred L DNA-PREP™ LPR was mixed with
100 pL single cell suspension, and 1000 uL. DNA-
PREP stain was added into the mixture 3 min after the
mixture was set at room temperature and protected from
light. Fifteen min later, cell cycle and apoptosis were
determined with a Coulter Epics XL flow cytometer.
Proliferation index (PI) was calculated according to the
following formula';

PI= (S + G2/M)/(Go/G1+ S + G2/M) X 100%

Immunohistochemical detection of MMP-9 expression
Anti-human mouse MMP-9 monoclonal antibody, S-P
staining kit and DAB developer were obtained from

between different groups. "P < 0.01 vs Ad-LacZ, “P <0.01 vs Ad-LacZ, °P <
0.01 vs Ad-LacZ.

Beijing Zhongshan Biotechnology, Co, Ltd. Since MMP-9
appears to be brown granules in cytoplasm, total cell
number and the number of MMP-9 positive cells were
counted in 5 visual fields of the matrix area around
the tumor nest under microscope. Based on the scope
and extent of staining, immunohistochemical results
were logged according to the following criteria: “-” - no
positively stained cells; “+”” - cells lightly stained or < 10%
cells stained; “++”" - moderately stained or 10%-25% cells
stained; “+++" - datkly stained or more than 50% cells
stained, where - represents negative expression, +/++
stands for weakly positive expression, and + + + stands
for strong expression.

Statistical analysis

One way-ANOVA was used in processing measurement
data, which were expressed as mean £ SD. XZ test was
adopted in calculation of enumeration data.

RESULTS

Comparison of transplanted tumor size between
different groups

The average size of transplanted tumor in the Ad-p27mt
group (1.94 + 0.67 cm’) was significantly smaller than
that in the control group (3.01 * 0.76 cm’) (P < 0.05),
no statistical significance was found in the average size
of transplanted tumor between the two groups (3.01 *
0.76 cm’ 15 2.75 + 0.83 cm’) (Figure 1).

Comparison of cell cycle, Pl and apoptosis between
different groups

More cells at Go/ Gt phase and less cells at S and Gz2/M
phase were observed in the Ad-p27mt group than the
other two groups (P < 0.05). However, the difference
between the two groups was insignificant (P < 0.05,
Figure 2).

MMP-9 expression in transplanted tumor

Since MMP-9 is mainly found in the matrix area around
tumor nest, brown stained granules were observed in
cytoplasm of cancer cells (Figure 3). MMP-9 expression
rate for the Ad-p27mt group was significantly decreased
compared with control group (Table 1).

www.wjgnet.com



Chen J et al. p27mt gene on colorectal cancer xenografts

371

Figure 3 Expression of MMP-9 in the transplanted tumor. A: control group;
B: Ad-p27mt group.

DISCUSSION

While p27 is a negative regulator of cell cycle and a
tumor suppressor”, tumor may develop when abnormal
(missing or decreased) expression of p27 and attenuated
inhibition on cell cycle lead to uncontrolled cell growth
and carcinogenesis”. The results of studies demonstrate
that decreased p27 expression was associated with
ubiquitin-mediated proteasome phosphorylation and
abnormal activity of p27"". We investigated the in vivo
inhibitory effect of p27 on transplanted tumor by intra-
tumoral injection of mutated p27m¢ adenovirus.

Park ¢ al” found that inhibition of mutant P27 (p27mi)
on tumor cells seem stronger than that of wild type p27
(p27wh) as demonstrated in cells arrested in Go/Gi phase,
and that the apoptosis promoting activity of p27mt is
also stronger. Another study revealed that the half-life
of p27mt is over 12 h, much longer than that of p27wt
2 h)". Through determination of the size of transplanted
tumor, this study displayed that p27»¢ gene significantly
inhibited the growth of colorectal cancer by inhibiting cell
proliferation and by promoting cell apoptosis, suggesting
that p27mt can evidently suppress cell proliferation at Go/
G phase. The apoptosis promoting activity of p27mt was
more obvious in control group, while the apoptosis rate
of p27wtwas up to 37.9% =+ 3.32%.

It was reported in our preliminary study that the
expression level of p27 in colorectal cancer tissue is
quite low"". In this study, the expression of MMP-9
was significantly decreased in p27mt group. MMP-9, in
the form of proenzyme in cytoplasm, when released
under physiological condition, may degrade extracellular

Table 1 Comparison of MMP-9 positive rate between

different groups

Group - + ++ ++ + Positive
rate (%)
Control 12 4 11 9 66.7
Ad-LacZ 9 2 14 11 75"
Ad-p27mt 30 2 4 0 20°

*P > 0.05 vs control group; ‘P < 0.05 vs Ad-LacZ group and control group.

matrix and is involved in development of human body
and multiple physiological processes including tissue
repair[m. When disturbance of MMP-9 gene occurs,
increased proenzyme leads to escalated degradation of
extracellular components, including IV and V collagen
and laminin, and undermined integrity of basement
membrane. Therefore, MMP-9 plays a very important
role in the process of tumor metastasis'”. In this study,
a reduced MMP-9 expression was observed after p27m¢
was injected. No tumor metastasis was found with in 28 d
after transplantation of the tumor.

In conclusion, p27m¢ inhibits the growth of
colorectal cancer by inhibiting cancer cell proliferation
and promoting cell apoptosis as well as metastasis of
colorectal cancet.
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Abstract

A case of pedunculated Brunner’s gland hamartoma
(BGH) of the duodenum causing upper gastrointestinal
(GI) hemorrhage is reported. The patient was a
47-year-old man who visited our hospital for further
evaluation of tarry stools and shortness of breath.
Endoscopic examination of the upper digestive tract
revealed a large peduncular polyp with bleeding,
about 30 mm in diameter, arising from the wall of the
second portion of the duodenum. GI bleeding occurred
from the base of the stalk of the polyp. Endoscopic
polypectomy was performed. Histological examination
of the specimen revealed that the main body of the
polyp contained several lobules of mature Brunner’s
gland with areas of cystic dilatation. The surface
epithelium consisted of normal duodenal mucosa with
areas of focal ulceration. This polyp was diagnosed
as a BGH. The symptom of tarry stools resolved after
endoscopic resection. Our case shows that treatment
is necessary for duodenal BGH if GI bleeding occurs.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Brunner’s gland hyperplasia and hamartoma are
infrequently encountered polypoid nodules and masses
in the proximal duodenum". Brunner’s gland hamartoma
(BGH) is a very rare cause of upper gastrointestinal
(GI) hemorrhage. Clinically, patients may present
with symptoms of duodenal obstruction or upper GI
hemorrhage and require endoscopic or surgical excision™.
Herein, we describe a relatively rare case of pedunculated

BGH of the duodenum causing upper GI hemorrhage.

CASE REPORT

A 47-year-old man presented with the symptoms of
tarry stools and shortness of breath. He was in good
health with no specific family or past medical history. His
body temperature was 36.5°C, blood pressure was 148/
82 mmHg, and radial pulse rate was 70 beats/min and
regular. He had anemia, but no jaundice. Neurological
examination revealed no abnormal findings. Laboratory
tests showed a red blood cell count of 318 X 104/ML
[normal range (NR), 430 x 10*-570 x 10*/pL, a white
blood cell count of 7600/uL, a platelet count of 30.8 X
10*/uL, and a hemoglobin concentration of 8.9 g/dL
(NR, 14-18 g/dL). Endoscopic examination of the uppet
digestive tract revealed a large peduncular polyp, about
30 mm in diameter, arising from the wall of the second
portion of the duodenum (Figure 1A). The polyp head
was lobulated. GI bleeding occurred from the base of
stalk of the polyp (Figure 1B and C). It was suspected to
be a BGH, from the endoscopic findings. An air-contrast
barium meal also revealed a pedunculated polyp in the
second portion of the duodenum (Figure 2). There was
no lesion in the esophagus and stomach. Endoscopic
polypectomy was performed (Figure 3). The cut surface
of the resected specimen showed an approximately 3-cm
whitish mass (Figure 4). Histological examination of
the specimen revealed that the main body of the polyp
contained several lobules of mature Brunner’s gland
with areas of cystic dilatation (Figure 5). The surface
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Figure 1 Endoscopy images. A large lobulated peduncular polyp, about 30 mm in diameter, in the second portion of the duodenum (A and B) and bleeding from the
base of the stalk of the polyp (C).

Figure 2 Double contrast radiograph of the duodenum showing an
approximately 3-cm peduncular polyp.

Figure 4 Macroscopic findings of the polypectomy specimen. The cut
surface showed an approximately 3-cm whitish mass.

epithelium consisted of normal duodenal mucosa with
areas of focal ulceration. The base of the stalk was
ulcerated. There was no evidence of malignancy. The
lesion was diagnosed as a pedunculated BGH of the
duodenum. After endoscopic polypectomy, the symptom
of tarry stools resolved.

DISCUSSION

The etiology of BGH remains obscure. BGH is
present mostly in middle age without any gender

A

Figure 3 Endoscopic polypectomy was performed and the resected
specimen was moved into the stomach.

Figure 5 Microscopic findings of the polypectomy specimen. Low-power
view of a cross section showing submucosal proliferation of Brunner’s gland
below the duodenal mucosa (HE x 10, x 100).

prcdominancem; however, cases have been described
from early infancy to even 80 years of age. BGHs have a
broad range of sizes (0.5-12 cm)™*¥. The most common
location is the posterior wall of the duodenum near
the junction of the first and second portions. BGHs
were found in the duodenal bulb in 70% of cases, in
the second portion of the duodenum in 26%, and in
the third portion in 4% in one series of 27 patients by
Levine ef al”. In the present case, it was located in the
second portion of the duodenum.

BGHs are usually asymptomatic and often detected
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incidentally on barium meal or endoscopy™”. Another
review of the literature has revealed that the main
clinical feature of BGH is GI bleeding or bowel
obstruction***" The diagnosis of BGH is usually
made by a combination of radiographic and endoscopic
findings. The radiographic finding of large localized
BGHs is a sessile or pedunculated polypoid filling
defect!*". Endoscopic characteristic findings, like
radiographic findings, are as follows: (1) pedunculated
polyp, although 11% can be sessile™'"; (2) polypoid
or lobulated mass; and (3) covered with normal
mucosa™ ", BGH should be distinguished from other
duodenal lesions such as lelomyoma, polypoid adenoma
of the superficial mucosal glands, aberrant pancreatic
tissue and malignant tumors*'>', Diagnosis is rarely
conclusive on endoscopic biopsies because the lesion
locates mainly in the submucosal layer, and the biopsy is
often not deep enough to reach the submucosal tumor
tissue!"*", The final diagnosis of BGH depends on the
pathological findings of resected specimens obtained by
endoscopic mucosal resection, polypectomy or surgical
treatment.

As to therapy, BGH of the duodenum can best be
removed endoscopically, because it is thought to be
clinically and histologically benign. However, endoscopists
should be aware that there have been rare case reports
of malignancy arising from Brunner’s gland[1’4’15’16].
Endoscopic or surgical treatment is necessary if GI
bleeding occurs™™"™, as in the present case. GI bleeding,
typically manifested by hematemesis or melena, from
ulceration or erosion of the mucosa stretched over the
submucosal lesion, may occur and can occasionally be
massive and rarely fatal™'*"”!. In the present case, bleeding
was caused by ulceration of the stalk. The mechanism
underlying GI bleeding in the present case was atypical.

In conclusion, we report a case of pedunculated
BGH of the duodenum causing upper GI hemorrhage.
BGH should be generally taken into consideration as a
differential diagnosis of duodenal masses. BGH is not
fatal and patients remain asymptomatic in their daily
lives, except for GI bleeding or bowel obstruction.
Endoscopists should be aware that BGH may exhibit the
aforementioned endoscopic characteristics and may cause

GI bleeding,
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Abstract

During the last 100 years in medical literature, there
are only 54 reports, including the report of Pasaoglu
et al (World J Gastroentero/ 2008; 14: 2915-2916),
with clinical descriptions of agenesis of the dorsal
pancreas in humans. Agenesis of the dorsal
pancreas, a rare congenital pancreatic malformation,
is associated with some other medical conditions
such as hyperglycemia, abdominal pain, pancreatitis
and a few other diseases. In approximately 50% of
reported patients with this congenital malformation,
hyperglycemia was demonstrated. Evaluation of
hyperglycemia and diabetes mellitus in all patients with
agenesis of the dorsal pancreas including description
of fasting blood glucose, oral glucose tolerance
test, glycated hemoglobin and medical treatment
would be a future goal. Since autosomal dominant
transmission has been suggested in single families,
more family studies including imaging technologies
with demonstration of the pancreatic duct system are
needed for evaluation of this disease. With this letter
to the editor, we aim to increase available information
for the better understanding of this rare disease.

© 2009 The WIG Press and Baishideng. All rights reserved.
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TO THE EDITOR

We read with interest the published case report of
Pasaoglu ¢t a/ on agenesis of the dorsal pancreasm.
Agenesis of the dorsal pancreas is a rare congenital
pancreatic malformation and may be associated with
some other medical conditions and diseases. During
the last 100 years in medical literature, we know of 54
reports with clinical descriptions of agenesis of the
dorsal pancreas in humans. We recently summarized
systematically all reported patients with agenesis of the
dorsal pancreas and discussed the associated medical
conditions and diseases”™. In 1911, the first description
of agenesis of the dorsal pancreas was published as an
autopsy finding, Now, as new imaging technologies have
been developed and improved, the number of patients
reported to show agenesis of the dorsal pancreas has
increased rapidly over the last years. So far, the findings
in autopsy and the radiological descriptions of anatomic
pancreatic structures are highly variable and in most
cases there is a diagnosis made without description
of the pancreatic duct system". In some patients, an
enlarged or prominent or compensatory hypertrophy
of the pancreatic head is described, whereas other
descriptions include normal sized pancreatic head, as well
as mildly atrophic and small head of the pancreas. We
support the description of Pasaoglu ef al" and confirm
that the diagnosis of agenesis of the dorsal pancreas
is inconclusive without demonstration of the absence
of the dorsal pancreatic duct, either with endoscopic
retrograde or magnetic resonance pancreatography.
Diabetes mellitus comprises a group of metabolic
diseases characterized by hyperglycemia resulting from

www.wjgnet.com



Schnedl W1 et a/. Agenesis of the dorsal pancreas

377

defects in insulin secretion and/or insulin action.
Criterion for diagnosis of diabetes mellitus is a fasting
blood glucose > 126 mg/dL. Another diagnostic test
to differentiate impaired glucose tolerance and diabetes
mellitus is the oral glucose tolerance test”. Single
familial observations of agenesis of the dorsal pancreas
suggest autosomal dominant transmission. In one family
with agenesis of the dorsal pancreas, a marked defect
in hepatic glycogen metabolism, even in non-diabetic
offspring, is demonstrated. An impaired index of the
first phase insulin secretion in the diabetic and in both
non-diabetic family members is described. Since the
root cause of most common diabetes mellitus, type 1
and type 2 diabetes, is a decrease in-cell mass, this can
be related to reduced-cell mass and might contribute to
the development of glucose intolerance which ultimately
leads to diabetes mellitus'”.,

We suggest that more family studies including imaging
technologies with demonstration of the pancreatic duct

system are needed. Evaluation of hyperglycemia in all
patients with agenesis of the dorsal pancreas including
description of fasting blood glucose, oral glucose
tolerance test, glycated hemoglobin and medical treatment
would be a future goal.
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Abstract

Although Bouveret's syndrome, i.e. gastric outlet ob-
struction by a large gallstone impacted in the proximal
duodenum secondary to a cholecystoduodenal fistula,
is rare, its pathogenesis and clinical features are well
characterized. However, existence of variant forms of
the syndrome are not well known, and as far as we
know, only two cases of variant Bouveret’s syndrome
have been described in the English-language literature.
We present a case of another new variant of Bouveret's
syndrome in a 54-year-old Korean woman.

© 2009 The WIG Press and Baishideng. All rights reserved.
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TO THE EDITOR

We read with much interest the case report of Arioli
et al", ‘a new variant of Bouveret’s syndrome’, recently
published in World Journal of Gastroenterology. They de-

scribed a case of gallstone ileus in which an incomplete

Figure 1 Gastroduodenal endoscopy revealed an ovoid mass in the first
portion of the duodenum, the center of which harbored a mucosal defect.

Figure 2 Abdominal CT showed wall thickening at the bulbar and
postbulbar portions of the duodenum, with marked gastric dilatation. A
cystic lesion (arrow) was found at the thickened duodenal wall. The gallbladder
was partially collapsed and adhered to the duodenum.

pyloric occlusion developed following the migration
of a large stone through a cholecystogastric fistula, in
a patient with undiagnosed chronic cholecystitis. In
their case, the gallstone lay in the gastric antrum rather
than within the lumen of the duodenum, which is dif-
ferent from typical Bouveret’s syndrome. Doody ez al”?
have also described a variant of Bouveret’s syndrome
in which duodenal obstruction was caused by a huge
gallstone that lay outside the duodenum, which gave an
atypical Bouveret’s syndrome appearance. We recently
encountered a similarly interesting case of gastric outlet
obstruction caused by complicated gallstone disease. A
54-year-old Korean woman was admitted to the hospital
with epigastric pain and intermittent vomiting of 20 d
duration. She had a history of recurrent bouts of right
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upper quadrant abdominal pain caused by acute cho-
lecystitis. Gastroduodenoscopy showed an obstructive
duodenal mass, the center of which harbored a mucosal
defect (Figure 1). Abdominal computed tomography
(CT) showed a cystic lesion within the thickened wall
of the bulbar and post-bulbar portions of the duo-
denum (Figure 2). The gallbladder contained a small
stone and was partially collapsed. On laparotomy, the
gallbladder was densely adhered to the first portion of
the duodenum. The patient underwent cholecystectomy,
with excision of a portion of the duodenal wall. In the
cystic lesion of the duodenal wall, muddy stone frag-
ments were found. Based on operative findings, it was
certain that a large gallstone had passed through the
cholecystoduodenal fistula into the duodenal wall, and
remained there sufficiently long to form a submucosal
mass that eroded through the mucosa into the duodenal
lumen. Although the stone was passed without causing
any further problems, the cavaitary lesion in the duode-
nal wall persisted and bulged into the duodenal lumen,

which caused the duodenal obstruction. The features of
our patient resembled a Bouveret’s syndrome in clini-
cal presentation, but differed from it inasmuch that the
duodenal obstruction was not caused by a gallstone per
se, but rather by secondary changes in the duodenal wall
caused by a gallstone. A cystic lesion within the wall
of the duodenum caused confusion in our case, and
surgical exploration was required to make a definite di-
agnosis and to determine a treatment strategy. We think
that this case may be another new variant of Bouveret’s
syndrome.
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Email: bsg@mailbox.ulcc.ac.uk
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DDW 2009
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Methods in Clinical Cancer Research
(Europe)
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Beijing International Convention
Center (BICC), Beijing, China
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Oncology
http://www.chinamed.com.cn/
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Snowmass, CO, United States
Pathobiology of Cancer: The Edward
A. Smuckler Memorial Workshop
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Aspen, CO, United States
Molecular Biology in Clinical
Oncology
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Vail Marriott Mountain Resort, Vail,
CO, United States

Methods in Clinical Cancer Research

August 14-16, 2009
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Seattle, Washington, United States
Practical Solutions for Successful
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aspx?id=5040
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QOctober 7-11, 2009

Boston Park Plaza Hotel and Towers,
Boston, MA, United States

Frontiers in Basic Cancer Research

QOctober 13-16, 2009

Hyatt Regency Mission Bay Spa
and Marina, San Diego, CA, United
States
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United States
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November 21-25, 2009

London, UK

Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

Global Collaboration for
Gastroenterology

For the first time in the history of
gastroenterology, an international
conference will take place which
joins together the forces of four
pre-eminent organisations: Gastro
2009, UEGW/WCOG London. The
United European Gastroenterology
Federation (UEGF) and the World
Gastroenterology Organisation
(WGO), together with the World
Organisation of Digestive
Endoscopy (OMED) and the
British Society of Gastroenterology
(BSG), are jointly organising a
landmark meeting in London
from November 21-25, 2009. This
collaboration will ensure the perfect
balance of basic science and clinical
practice, will cover all disciplines
in gastroenterology (endoscopy,
digestive oncology, nutrition,
digestive surgery, hepatology,
gastroenterology) and ensure a
truly global context; all presented
in the exciting setting of the city of
London. Attendance is expected to
reach record heights as participants
are provided with a compact “all-in-
one” programme merging the best
of several GI meetings. Faculty and
participants from all corners of the
earth will merge to provide a truly
global environment conducive to the
exchange of ideas and the forming
of friendships and collaborations.
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